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ABSTRACT 


Archeological investigations often concern the identification and cataloging of buried historic, 
as well as, prehistoric structures and artifacts. In most instances, acquisition of this subsurface 
information is obtained by excavation practices primarily directed by field observation and 
review of archive records. Recent advances in high resolution, near surface geophysical 
prospecting techniques and instrumentation, offers the archeologist a powerful site 
investigation tool. Detection of geophysical contrasts due to presence of buried materials and 
human relaicd disturbances can provide an accurate means of locating excavation units. 
Whereas, the usefulness of geophysical surveying is subject to site specific conditions, an 
investigator can determine its site capabilities if a basic knowledge of geophysical methods is 
acquired. 


The purpose of this manual is to provide guidelines for geophysical surveying at archeological 
sites; acquaint those responsible for site investigations with applicable surveying techniques 
and equipment, and present information in relationship to interpretational procedures, quality 
assurances and reference materials. It is not intended to be the definitive work in theoretical 
geophysics. It is presented as a translation of techniques developed primarily for mineral 
exploration and engineering assessments that are considered applicable to archeological 
prospecting. 


ee 
PREFACE 


Historic, as well as, prehistoric structures and artifacts are often concealed in the subsurface by 
geologic processes and perhaps more frequently, by human related activities. One aspect of an 
archeological investigation concerns the identification and cataloging of these concealed 
materials. Locating and physical identification heretofore has been performed, in most 
instances, utilizing information acquired from archival searches, careful visual examination 
and excavation of the related sites. Nevertheless, removal of culturally barren material is often 
a time consuming process. Any nondestructive method capable of reducing random excavation 
practices and increasing the probability of a find should be greeted with great enthusiasm by 
the archeological community. One such methodology receiving new or renewed attention is 
shallow near-surface geophysical techniques. Recent advances in geophysical instrumentation, 
computer aided interpretational procedures and increased familiarization of cultural resource 
professionals with geophysical methods gives cause for the writing of this manual. 


Geophysical prospecting for culturally related materials is by no means the ultimate panacea 
for the archeologist. Geophysical techniques are based on well known physical principles. 
These principles involve indirect measurements of earth related physical attributes and in the 
case of archeological features, contrasts resulting from subsurface disturbances associated with 
past cultural activities. Where contrasts between the sought after archeological materials and 
surrounding soils are small or non-existent the limitations of geophysical techniques and 
instrumentation become apparent. The actual implementation and success achieved in a 
geophysical investigation is subject to numerous site specified related conditions. Important 
factors include; the survey methods, with methods stressed, since it is believeu multiple survey 
methods should be considered a requisite for all site investigations; site compatibility; and the 
persons conducting the survey must be knowledgeable of selection of proper methods, survey 
techniques and the nature of results to be expected (i.e., experience factor). 


As in any professional discipline, an introductory training manual is normally designed to 
familiarize, provide basic understanding and reference materials. There are numerous 
theoretical geophysical references available for those individuals requiring more technical 
information. Experience indicates there is no preferable learning substitute for an actual 
participation in a geophysical field survey and subsequent data interpretation process. 
Ultimately, the archeologist often has an enviable role in the archeological investigation from 


the geophysicists point of view. The archeologist has the opportunity to ground truth the 
geophysical findings and possibly touch our past. 


| offer my deepest appreciation to those individuals whom have provided invaluable support 
and critical review throughout the long and exacting task of preparation of this manuscript. 
My special thanks to: Dr, B, Bevan, Dr, J, Weymouth, Mr. C, Davenport, Mr. §. De Vore, 
National Park Service individuals, equipment suppliers and Mrs. K. Heimmer. 


Don H. Heimmer 
Geo-Recovery Systems 

400 Corporate Circle, Suite B 
Golden, Colorado 80401 


Note: Where appropriate, metric system units are utilized to describe 
geophysical measurements within the text. Due to the fact that some 
geophysical measurements are customarily described in non-metric units for 
engineering or mineral exploration purposes, an occasional deviation from this 
practice occurs. 


/ 
1 
Vv 


TABLE OF CONTENTS 


CHAPTER | INTRODUCTION 


Historical Background 
Remote Sensing Verses Geophysical Methods 
Need for High Resolution Geophysical Capabilities 


CHAPTER 2 OVERVIEW OF NEAR-SURFACE GEOPHYSICAL METHODS 


Passive Geophysical Methods 
Magnetic Surveying 
Self-Potential 
Gravity Surveying 
Other Passive Measurements 
Active Geophysical Methods 
Active Acoustic or Seismic Methods 
Electrical and Electromagnetic Methods 


CHAPTER 3. PASSIVE GEOPHYSICAL TECHNIQUES 


Equipment Selection 
Pre-Survey Site Evaluation 
On-Site Testing and Equipment Calibration 
Data Acquisition 
Field Data Documentation 
Data Reduction 

Field 

Office 
Interpretational Processes 
Presentation of Results 
Special Considerations 
Required Expenditures 


Cow weoeoeoem~) ~ 


—_ 
_— 


en ee ee ee ee ee ee ee ee 
Seo OM ems HHA AUWwWWN = — 


| 
J \ 


es ee 
Self-Potential Methods 20 
Purpose 20 
Limitations 21 
Applications 21 
Equipment Selection 22 
Pre-Survey Site Evaluation 22 
On-Site Testing and Equipment Calibration 22 
Data Acquisition 23 
Field Data Documentation 23 
Data Reduction 24 
Field 24 
Office 24 
Interpretational Processes 24 
Presentation of Results 25 
Special Considerations 25 
Requ. 2d Expenditures 26 
Gravitational Methods 26 
Informational Discussion 26 
CHAPTER 4. ACTIVE OR INDUCED TECHNIQUES, GENERAL DISCUSSION 29 
Electrical Resistivity 29 
Purpose 29 
Limitations 30 
Applications 30 
Equipment Selection 31 
Pre-Survey Site Evaluation 31 
On-Site Testing and Equipment Calibration 32 
Data Acquisition 32 
Field Data Documentation 33 
Data Reduction 33 
Field 33 
Office 44 
Interpretational Processi:s 34 
Presentation of Results 44 
Special Considerations 35 
Required Expenditures 35 
Electromagnetic Conductivity Surveying 35 
Purpose 35 
Limitations 36 
Applications 36 
ee 
V | | 


Equipment Selection 
Pre-Survey Site Evaluation 
On-Site Testing and Equipment Calibration 
Data Acquisition 
Field Data Documentation 
Data Reduction 

Field and Office 
Interpretational Processes 
Presentation of Results 
Special Considerations 
Required Expenditures 


Ground Penetrating Radar Surveying Methods 


Purpose 

Limitations 

Applications 

Equipment Selection 
Pre-Survey Site Evaluation 
On-Site Testing and Equipment Calibration 
Data Acquisition 

Field Data Documentation 
Data Reduction 
Interpretational Processes 
Presentation of Results 
Special Considerations 
Required Expenditures 


Metal Detectors: Where Do They Fit, Discussion 


Purpose 

Limitations 

Applications 

Equipment Selection 
Pre-Survey Site Evaluation 
On-Site Testing and Equipment Calibration 
Data Acquisition 

Field Data Documentation 
Data Reduction 
Interpretational Processes 
Presentation of Results 
Special Considerations 
Required Expenditures 


CHAPTER 5. MARINE OR SUBMERGED GEOPHYSICAL CONSIDERATIONS 51 
CHAPTER 6. GEOPHYSICAL METHODS HAVING LIMITED ARCHEOLOGICAL 

APPLICATIONS 53 

Acoustic Surveys: Informative Discussion 53 

Seismic Reflection and Refraction Methods 53 

Shear Wave Seismic Methods 55 

Acoustic Emissions 55 

Other Electrical/Electromagnetic Surveying Methods 55 

Borehole and Tomographic Surveying 56 

CHAPTER 7. QUALITY CONTROL 57 

Purpose 57 

Equipment 57 

Personnel 57 

Field Oversight 58 

Record Requirements 58 

CHAPTER 8. ADMINISTRATIVE REQUIREMENTS 59 

Field Activity Records 59 

Budget Reconciliation 59 

Equipment Usage 59 

Time Allocations 59 

CHAPTER 9. ACQUISITION RECORDS 61 

Original Data Sets 61 

Data Storage 61 

CHAPTER 10. PROJECT PLANNING REQUIREMENTS 63 

Overall Statement of Project Objectives: Task Definition 63 

Formulation of the Survey Plan: Getting Started tad 

CHAPTER 11. TECHNICAL REVIEW 65 

CHAPTER 12. CONCLUDING REMARKS: THE PERFECT SURVEY 67 


APPENDIX A: GLOSSARY OF TERMS 69 
APPENDIX B: SELECTED BIBLIOGRAPHY 83 


APPENDIX C: POTENTIAL SOURCES OF GEOPHYSICAL EQUIPMENT AND 
CONTRACT SURVEYORS 103 


APPENDIX D: GEOPHYSICAL DATA EXAMPLES AND INFORMATION SHEETS _ 105 


INTRODUCTION 


CHAPTER I 


The science of non-invasive identification of 
subsurface archeological features is not a new 
concept. Many nondestructive techniques of 
site assessments are available to the 
archeologist, these include: remote sensing, 
aerial photography, geochemical testing and 
geophysics. Since Atkinson's utilization of 
electrical resistivity in 1946, archeologists 
have increasingly employed classical 
geophysical methods to successfully enhance 
many cultural resource evaluations 
(Weymouth, 1986). These methods have 
included; seismic, gravity, magnetic, 
electrical resistivity, self-potential , 
electromagnetic and ground penetrating 
radar. Recent developments in geophysical 
related digital electronic technology has 
increased geophysical site assessment 
capabilities to aid in cultural resource 
management. 


Improved geophysical instruments and 
application methods, as well as, computer 
aided interpretational techniques have 
allowed, in many instances, study and 
measurement of earth related physical 
contrasts with extreme precision. 


Consequently, minute or small subsurface 
contrasts attributable to historic, as well as, 
prehistoric human related activities have a 
much greater chance of being non- 
destructively detected utilizing high 
resolution geophysical techniques. 


Introduction or re-establishment of a transfer 
of knowledge between the geophysical 
community to the cultural resource 
management professionals is regarded as a 
prioritized task. The presentation of 
information is provided from the view point 
of engineering/exploration geophysicist 
rather than limited to that of an 
archeogeophysicist or the European 
equivalent, prospectionist. | Geophysical 
exploration for minerals and petroleum is 
well known. The application of geophysics 
to geotechnical engineering, ground water 
and environmental studies are relatively new 
developments. Often these non-invasive 
studies concern characterization of the near- 
surface materials. Study areas are usually 
limited in areal extent. The similarity of 
these studies to a geophysical archeological 


assessment is evident. The nature of mineral 


and petroleum explorations are generally 
more removed from the archeological realm 
due to interest in larger survey areas and 
greater investigative depths. 

The intent of this mannal is to familiarize 
the archeologist with geophysical techniques 
considered to be applicable for locating 
structures, artifacts and defining site limits. 
The understanding gained will allow the site 
investigator to realize both the potential, as 
well as, the limitations of geophysics. 


Historical Background 


The separation of geologic and geophysical 
disciplines is often a difficult task since both 
are descriptive earth sciences. Geology 
involves the description of the subsurface by 
observation of rock specimens or exposed 
sections. Likewise, the similarity of 
archeology to geology is evident since both 
involve direct observation. In contrast, 
geophysical techniques are concerned with 
indirect measurements of the earth's physical 
properties. These techniques employ 
instruments specifically designed to detect the 
influences of subsurface materials. A 
geophysical survey may be conducted at, 
above, and below the earth's surface. The 
nature and contrasts of the observed 
geophysical measurements may be 
interpreted to allow a visualization of hidden 
subsurface geologic structures and 
compositions. 


Within the past 70 years, the increasing 
sophistication of geophysical exploration 
techniques are primarily the result of the 


search for petroleum and minerals, though 
some advances can be attributed to military 
purposes. Even into the twentieth century, 
most mineral exploration was confined to 
geological means, usually involving some 
form of direct observation of outcrops or 
exposures. As much of the easily found, 
directly observable materials were 
discovered, new methods of studying the 
earth's structure or composition were 
required. 


The foundations of geophysical sciences were 
developed several hundred years ago as the 
description of the natural sciences 
progressed. As early as the 1600s, it is 
reported magnetic compasses were employed 
to locate ferrous iron deposits in Sweden. 
Generally, the development of modern 
geophysical techniques for mining and 
petroleum exploration began during the 
period of 1910-1930. In 1913, a sulfide 
mineral deposit was discovered utilizing 
electrical resistivity methods. In the 1920's, 
a technique of seismic refraction, similar to 
present day earthquake monitoring methods, 
was developed to locate salt dome structures 
along the U.S. Gulf Coast. Used in 
conjunction with the contemporaneously 
developed torsion bar gravity measurement 
balance, oil and gas deposits were soon 
discovered associated with the salt dome 
features. 


Historically, engineering geophysics dates to 
civil engineering applications in the 1920's. 
Electrical resistivity and seismic refraction 
were employed to investigate future dam 
sites. Measurements of observed contrasts of 


the velocity of sound within and electrical 
properties of geologic formations allowed the 
depth to bedrock and water table to be 
determined. 


Continual progress in improvement of 
geophysical methods and _ instrument 
development has occurred since the 1920's, 
allowing increasing measurement precision 
and operational economy. The electronic 
revolution, aS a résuit of World War II, 
provided the means to greatly improve 
geophysical equipment sensitivities and 
consequently, development of new 
applications. Development of such methods 
and instrumentation as radar, sonar, and 
sensitive magnetometers were quickly 
assimilated into the geophysical exploration 
sciences. 


Introduction of digital technology brought 
advances in seismic reflection methods in the 
late 1960s. Digital stacking of seismic 
reflection wavelet records allowed 
enhancement of signal to noise ratios 
resulting in a better definition of subtle 
geologic features. This was possible due to 
the minimization or canceling of seismic 
related noise during the signal stacking 
process. Recent techniques in three 
dimensional and high resolution seismic 
capabilities have allowed definition of 
geologic related features with even greater 
precision. 


Development of new _ electromagnetic 
instrumentation and interpretational 
techniques in the 1970s also provided 
advanced electrical means of describing 


subsurface geology. Ground penetrating 
radar, induced polarization methods, 
magnetotelluric, and various methods of 
measuring ground conductivity were refined 
and made available to the exploration 
geophysicist. 


Paralleling the development ) geor/ysical 
instrumentation, informatio: processing 
techniques have made enormous gains. 
Increased geophysical data acquisition 
capabilities required rapid methods of data 
reduction for interpretational purposes. 
Increased computer processing provided a 
means of enhancing the all important signal 
to noise ratio of nearly every digitally 
recordable geophysical data, thereby greatly 
increasing the interpretive process. Today 
very few geophysical surveys or 
interpretational procedures are conducted 
without the usage of computer technology or 
analysis. 


Though geophysical methods had been 
adapted to archeological assessments since 
the late 1940s, there is not an apparent over 
abundant usage of geophysical methods to 
date. Literature indicates most classical 
geophysical methods have been experimented 
with to some degree. The use of the proton 
magnetometer in the early 1950s is often 
considered the first important application of 
a geophysical method to an archeological 
investigation. Since these early applications 
of these methods, electrical resistivity, 
magnetic and more recently electromagnetic 
and ground penetrating radar have become 
the mainstay of archeological geophysics. 


Remote Sensing Verves 
Geophysical Methods 


Clarification of terms is helpful in discussing 
the application of geophysical methods for 
archeological site assessments. As 
previously stated, there are at least four or 
more non-invasive methods of site 
investigations, of which geophysics is one. 
In layman terms, these methods may be 
considered as some form of remote sensing, 
since there is no actual excavation or visual 


observation performed. 


From an engineering or exploration 
geophysicist point of view, remote sensing is 
confined to examination of earth features 
from a distant platform situated above the 
target area, such as obtained from a high 
altitude aircraft or satellite. Normally, this 
type of investigation involves energy bands 
exploiting the gamma ray - visible light 
electromagnetic radiation spectrum. 


Geophysical methods utilized for mineral or 
petroleum exploration generally involves 
examination of large surface areas. Often, 
particularly in the case of mineral 
exploration, investigations can be conducted 
from a rapidly moving aircraft, situated at 
relatively low altitudes. Surveys that are 
performed in this manner, do not require 
coupling of instrumentation with the earth's 
surface. These surveys include radiometry 
measurements giving gamma fay 
distributions associated with radioactive 
elements, gravity, magnetics and 
electromagnetics. 


Engineering and associated environmental 
geophysics are more aligned to the classical 
methods in that they are intrasite assessment 
methods. For purposes of this manual, 
classical may be defined as magnetic, 
gravity, electrical, electromagnetic and 
seismic methods. Normally, these types of 
surveys require contact or near contact with 
the earth's surface. This is required to attain 
the resolution necessary to characterize the 
shallow near surface materials. For this 
manual, thermal differential measurements, 
aerial photography and geochemical related 
methods are not considered classical 


geophysical exploration methods. 


Need for High Resolution 
Geophysical Capabilities 


Realization of the detail necessary to evaluate 
an archeological site dictates the use of high 
resolution geophysical techniques. As 
previous'y discussed, geophysical exploration 
for minerals or petroleum generally involves 
evaluation of relatively large areas. The 
size, nature and distribution of target deposits 
often create anomalies orders of magnitude 
larger than those to be expected at an 


archeological site. 


Evidence of human occupation, in many 
cases, is represented by materials small in 
size or relative extent and similar in 
composition to encapsulating soils. Theory 
and practical application indicate the 
sensitivity of the geophysical instruments and 
methods to evaluate these near surface 
materials require an ability to measure 


extremely small contrasts. This necessitates 
the ability to sample at small, discrete 
intervals and to measure contrast levels on 
the order of one part in 100,000. The most 
applicable methods proved to date that fulfill 
this criteria include magnetic, 


electromagnetic and electrical resistivity 
techniques. Assessments utilizing acoustic 


(seismic), gravity and variations of 
electromagnetic techniques have been 
reported in the literature, and have exhibited 
limited success on a site specific basis. 


OVERVIEW OF NEAR-SURFACE 


GEOPHYSICAL METHODS 
CHAPTER 2 
All materials, whether they be in gas, liquid provide a means to actively or passively 
or solid state, will exhibit characteristic investigate contrasts in these properties. 
properties. When they are buried in the 
subsurface, these properties may be lost Passive Geophysical Methods 


within or attenuated by the clutter of 
encapsulating geologic materials, thereby 
meking them indistinguishable from their 
surroundings. Geophysical methods are 
concerned with measurements of subsurface 
physical contrasts. If no contrast exists, 
geophysical methods are useless and some 
form of direct exposure of the material must 
be performed. Since geophysics involves the 
determination of characteristics of unseen 
materials it is important that interpreted 
results be integrated with factual information 
acquired from other surveys or 
investigations. Only then can the capabilities 
and limitations of the geophysical methods be 
realized. 


Subsurface contrasts exist due to mass- 
density relationships, ionic or electrical 
potentials, magnetic susceptibilities and 
elemental decay. Geophysical methods 


Passive geophysical methods are primarily 
related t© measurements of naturally 
occurring local or planetary fields created by 
earth related processes. More distantly 
related processes of natural elemental decay 
and thermal interactions may also be 
passively measured. 


Magnetic Surveying 


One of the most useful passive measurements 
to be incorporated in archeological 
assessments is magnetometer surveying. The 
magnetic susceptibility of materials is the 
basis for this technique. Utilizing sensitive 
instruments, the earth's total magnetic field 
can be measured with great precision. Local 
disturbances or anomalies as compared to the 


background geomagnetic field can indicate 
the position of buried ferrous objects, 


displaced soil materials and earthen 
structures. Interferences due to more recent 
cultural activities, geologic conditions and 
other natural phenomena are the cause of 
erroneous results. 


Passive, self-potential (SP) methods provide 
a means of measuring electrical anomalies 
created by the flowage of fluids, heat and 
ions in the earth. SP has been utilized in 
mineral and geothermal! exploration, as well 
as, engineering and environmental 
applications. Survey attributes are similar to 
resistivity surveying with the exception that 
no active electrical current is introduced into 
the ground. Employing an inexpensive 
voltmeter and surface contact electrodes, 
small electrical currents, generated as a result 
of groundwater flowage, may be detectable 
across an archeological site. The differential 
groundwater movement may cause positive 
or negative electrical anomalies to occur in 
areas of buried structures. 


Gravity Surveying 


Measurement of the earth's gravitational field 
with accurate precision is also possible. It 
has been utilized quantitatively and 
qualitatively to map subsurface geology 
based on localized and regional rock density 
variations. Its usage in archeology is limited 
due to lack of extreme instrument sensitivity 
necessary to measure smal! density variations 
resulting from sought after cultural feature 


Other Passive Measurements 


Determination of the concentration of the 
three naturally occurring radioactive elements 
in the earth is referred to as radiometry. 
Radiometric measurements are normally 
acquired over large areas by airborne survey 
instrumentation in the search for radioactive 
minerals. This technique is often relegated 
to the geochemical investigative area due to 
the nature of its more chemical qualitative 
measurements. 


Differential thermal analysis, pertaining to 
archeology, can be described as a method of 
distinguishing subsurface features by 
Observation of soil temperature changes over 
a period of time. A practical surveying 
technique, as described by Benner (1984), 
involves scanning the site area with an 
infrared camera linked to a computer during 
the first hours after sunset. Site specific 
factors such as; soil diffusivity; moisture 
content; object diffusivity related to its size 
and depth; solar intensity and frequency; and 
heat transfer coefficients determine the 
effectiveness of the technique. This 
technique is similar to infrared aerial 
photography. The ambiguities caused by 
similar thermal properties of many soil type 
materials can cause interpretational problems. 
For the purposes of this manual, thermal 
analysis is not considered a conventional 
geophysical exploration method. 


Active Geophysical Methods 


Active methods involve the transmission of 
an electrical, electromagnetic or acoustic 
signal into the subsurface. The interaction of 
these signals with subsurface materials 
produces an altered return signal which is 
measured by the appropriate geophysical 


instruments. 
Active Acoustic Methods 


Acoustic methods, seismic, sonar, acoustic 
emissions or soundings, are based on density 
contrasts. This method involves the 
introduction of sound energy into the earth. 
Measurement of the time it takes the signal to 
travel from the acoustic source to a listening 
device, called a geophone, implanted in the 
ground or submerged in water, allows a 
calculation of subsurface velocities. 
Interpretation of the resultant velocities 
allows for inferences of geologic rock 
compositions and subsurface structure. 
Seismic methods include seismic reflection; 
a method of reflecting acoustic energy from 
deep subsurface interfaces, seismic 
refraction; usually a shallow method of 
determining bedrock depths and acoustic 
sounding; sometimes known in the 
archeological field as bosing. This form of 
seismic involves introduction of high 
frequency sound energy into the subsurface 
or a structure for identification of voids. It 
is similar to nondestructive testing methods 
utilized in civil engineering studies. Due to 
the long wavelength of seismic signals 
required to penetrate the subsurface, object 
definition or resolution is poor. Therefore, 


these methods have found very limited use in 
archeology. 


Active Electrical and 
Electromagnetic Methods 


Ground penetrating radar, often referred to 
as GPR, is an electromagnetic method, 
similar to seismic methods in the sense it 
exhibits a similar wave form and provides 
subsurface velocity information. Here the 


analogy, with the exception of resultant 
signal display, stops. Operating at high 
elevtromagnetic frequencies, radar energy is 
absorbed or reflected by subsurface materials 
primarily dependent upon their electrical 
properties. Resultant velocities can be 
calculated for depth determination as well as 
delineation of lateral changes. Radar is a 
powerful subsurface tool for the archeologist. 
Its main pitfall is the lack of penetration in 
certain clay materials and other highly 
conductive materials. As with any other 
geophysical method, it is site specific. 


Electrical resistivity surveying is reported to 
be the first active ground contact geophysical 
method utilized in an archeological 
assessment. It is primarily dependent upon 
differential electrical resistance related to 
water saturations in the subsurface. The 
technique measures the ease which an 
imparted electrical current will flow through 
the subsurface materials. Observed lateral 
and vertical contrasts in measurements can 
indicate human related structures as well as 
geolopic information. A non-surface contact 
electromagnetic methodology generally 


thereof, is similar to resistivity, The 
difference being that a radio signal is 
transmitted into the earth in the non-contact 
method. This signal is altered by interaction 
with the subsurface materials and detected by 
a receiver. Since conductivity is the inverse 
of resistivity, the information acquired is 
similar to that provided by a resistivity 


survey. Data can be acquired at a rapid rate 
since no contact with the surface is required. 
Many metal detectors operate utilizing the 
ground conductivity transmitter-receiver 
arrangement, due to the nature of re- 
transmission of electromagnetic signals from 
buried conductive metallic objects. 


PASSIVE GEOPHYSICAL 
TECHNIQUES 


CHAPTER 3 


Passive or potential field methods consisting 
of magnetic and gravity surveying, utilize 
highly sensitive instruments to measure the 
effect of a buried feature upon their 
respective naturally occurring. planetary 
fields. The magnetometer and gravimeter 
are capable of measuring perturbations or 
anomalies due to these features with 
accuracies of one part in 100,000. A 
magnetometer provides a measurement of the 
earth's total magnetic field, in a unit termed 
gamma or nanotesia (nT). A gravimeter 
measures the acceleration of gravity or 
attraction due to mass/density relationships of 
subsurface features. The basic units of 
measurement are termed milligals (mg). 


Magnetic or magnetometer surveying is very 
useful for detecting buried ferrous metallic 
Objects or magnetic contrasts of soils. Its 
usefulness in archeological investigations is 
well documented. In contrast, the anomalies 
produced by an archeological feature on the 
gravitational field are minor compared to 
components related to geologic sources. 


Though gravity methods have been 
experimented with for archeological 
purposes, such as void detection, its usage is 
very limited. Instrument and data reduction 
improvements may lead to applications of 
this method to archeological assessments in 
the future. 


The self-potential method, a form of 
resistivity measurement, has been utilized 
with limited success in archeological 
investigations. Due to certain site specific 
requirements it is not always a useful 
method. Resistivity surveying, a similar 
active technique, is often a preferred 
replacement for SP. 


Magnetic Surveying 
Purpose 
Magnetic surveying may be used to increase 


the efficiency and effectiveness of 
archeological assessments by measuring 


anomalous conditions within the earth's total 
magnetic field. Spatial integration of 
acquired data over relatively large areas, as 
compared to target size, offers superior 
information to that of point data provided by 
trenching. Acquisition of data is relatively 
easy, cost to benefit is excellent and simple 
qualitative interpretations can be rapidly 
performed with little experience. 


The earth's magnetic field, having a 
magnetic field shape similar to that of a bar 
magnet is often referred to as the 
geomagnetic field. A field intensity change 
of over 100 percent (100%) magnitude may 
be observed over the surface of the earth. It 
ranges from 70,000 gamma (also known as a 
nanotesla (nT) at the polar regions to 25,000 
gamma at the equator. The field is shifted 
some 11 degrees from the earth's rotation 
resulting in a deviation from true north. 
Within the U.S., a 60-75 degree inclination 
is observed due to the fields origination in 
the earth's outer core. Where local 
variations in magnetic materials occur, 
perturbations or anomalies of less than one to 
5000 gamma may be observable. 


In theory, the magnitude of the magnetic 
field strength is a potential field described as 
a function of a change in energy. Detection 
of observable contrasts due to the presence of 
an anomaly are a function of the objects 
magnetic susceptibility; remanent 
magnetization; unit volume; and distance 
between the feature and point of 
measurement. Magnetic susceptibility is the 
ease with which a substance is magnetized or 
induced by the earth's field. Remanent 


magnetization is the natural or permanent 
magnetization displayed by a rock or object 
due to its composition and thermal or 


depositional history. 


Comparison of the response of a theoretically 
homogenous earth with the observed 
anomalous value provides a means of 
detection. Disruption of soils by man, as 
well as, burial of objects will produce 
significant contrasts capable of being 
measured by a magnetometer. 


Limitations 


Many archeological targets provide relatively 
small observable contrasts in the subsurface. 
Magnetic “noise” due to recent cultural 
activities, certain geologic conditions and 
solar activity can, at times, obscure these 
sought after contrasts. Thus, the operational 
restrictions that must be considered include 
both static and moving noise sources, such 
as: 


Recent cultural activities: a.c. electrical 
power, underground or above ground 
structures particularly fences within 30 feet 
(9.14 meters) of the site, water pipes 15-30 
feet (4.57-9.14 meters), other utilities, 
automobiles 30 feet (9.14 meters), signs, and 
surface, as well as, subsurface trash. 


Geologic conditions: rocks and soils having 
high magnetic susceptibilities or remanent 
magnetism. Igneous and metamorphic rocks 
contain relatively high volumes of the 
minei al magnetite. Soils derived from them 
may have concentrated amounts. Highly 


organic soils produce maghemite, the 
magnetic form of the mineral hematite. 


Solar activity: solar wind and solar magnetic 
storms can greatly affect results. Diurnal 
changes or daily solar activity can produce 
100 gamma changes during a day's 
surveying. Solar magnetic storms can 
disrupt surveying for days, resulting in 
useless data. Utilization of data acquired 
from a magnetometer base station is often an 
effective means of filtering or removing 
unwanted magnetic interferences. 


Applications 


Performance of a magnetometer survey 
requires a definition of the archeological 
problem. To begin, development of an 
analog situation, acquired from literature, 
maybe considered helpful to define these 
parameters. Knowledge of anticipated target 
contrasts, though they will be site dependent, 
generally provide guidelines for survey 
applications. Upon determination of 
anticipated contrasts, analysis of the magnetic 
“noise” must be considered. Noise is related 
to recent cultural activities, geologic 
conditions and solar activity. Since high 
noise levels can obscure measurements of 
interest, a preliminary field observation may 
be required to determine whether the survey 
is possible. If the survey is considered 
feasible, normal progression of survey 
design, data acquisitions and associated 
analyses can be conducted. 


Literature indicates magnetic surveying 
applications for archeological purposes have 


included detection of structural features, soil 
disturbances and magnetic metallic objects. 


Equipment Selection 


The measurement of magnetic intensities can 
be performed with three types of 
magnetometers. Various methods of relating 
an energy change within the instruments due 
to the total geomagnetic field are 
accomplished. 


The proton-precession magnetometer is a 
most commonly employed magnetometer for 
surveying. Many instruments are capable of 
measuring the absolute total intensity of the 
total magnetic field (TMF) to a 0.1 gamma 
precision. Measurement of the field intensity 
is performed by induction of a magnetic field 
on a hydrocarbon liquid contained in a sensor 
head bottle. The protons of the liquid are 
displaced from their natural orientation 
caused by the earth generated field, the so 
called earth induced field. Upon termination 
of the artificial field, the protons return to 
their original orientation at a precessional 
frequency related to the earth's field, 
consequently generating a measurable 
electrical current. The proton magnetometer 
exhibits two disadvantages. Erroneous 
observations may occur where gradients of 
300-1000 gamma are encountered. These 
malfunctions can occur due to a.c. power or 
the presence of iron objects. Also, due to a 
finite measurement period of time, 
approximately three seconds, continuous 
measurements can not be achieved as in the 
fluxgate or alkali-vapor magnetometer. The 
proton precession magnetometer is the most 


commonly used due mainly to its low 
purchase price, ease of use and precision. 


A variation of the proton-precession 
magnetometer is the Overhauser effect 
magnetometer. In contract to the standard 
proton sensor, the Overhauser effect sensor 
has a free radical added to the proton rich 
liquid. This free radical ensures the presence 
of free, unbonded electrons that couple with 
the protons to produce a two-spin system. 
As a result, the Overhauser effect produces a 
more powerful method of proton polarization 
than the standard method which allows for 
stronger signals from smaller sensors and 
with less power. The Overhauser effect 
magnetometer is capable of 0.01 gamma 
precision and an operating range of 18,000 to 
150,000 gammas with an accuracy of 0.2 
gammas over the operating range. The 
Overhauser effect magnetometer can provide 
continuous profiling with rapid sampling (up 
to 5 readings per second). 


Fluxgate magnetometers are capable of 
continuously measuring the relative changes 
in the earth's field. It requires orientation 
with the earth's field. Due to this 
requirement, it allows the vertical and 
horizontal magnetic field components to be 
measured. Normal sensitivities of 1.0-0.2 
gamma are observable with the instruments. 
Total magnetic field measurements are 
achieved by measurement of the summation 
of cyclical coil magnetization of ferro 
magnetic elements. The outputs produced 
are proportional to the total field. The 
primary disadvantage of this instrument is the 
orientation requirement, though directional 


capabilities may be useful, depending upon 
survey requirements. 


The cesium or _ alkali-vapor lamp 
magnetometer is the most sensitive of all 
magnetometers (0.01 g). Like the fluxgate, 
in non-multi cell instruments, it requires both 
a non-parallel and non-perpendicular 
orientation to the earth's field. It utilizes an 
optical beam system of light excitation where 
a radio frequency measurement of vapor 
opacity verses transparency allows for 
magnetic field determination. 


The measurement of the magnetic field 
utilizing two magnetic sensors mounted in a 
vertical mode is known as gradiometer 
surveying. Gradiometer surveying allows for 
minimization of strong gradient influences 
and solar or diurnal effects, greater 
resolution of features and in some instances, 
clarification of magnetic anomalies with 
greater precision. Since the sensor's are 
separated by a small fixed distance, 
approximately 2.5 feet (0.75 m), they 
measure the earth's field with similar results. 
Due to the distance dependence of the sensor 
to anomaly (l/r), subtraction of 
measurements between sensors will define 
near surface anomalies with increased 
resolution. Both methods, gradiometer and 
total field, have their advantages and 
disadvantages and are partially 
complementary. The selection of method is 
dependent upon site requirements and 
operator preference. 


Pre-Survey Site Evaluation 


Due to the limitations of magnetic surveying, 
a site evaluation is recommended prior to the 
data acquisition phase. It is assumed a basic 
knowledge of the site geology and 
archeological content is available for 
evaluation purposes. Upon analysis, site 
compatibility with magnetic surveying is 
established. Usage of recent aerial 
photography is highly recommended to 
expedite survey design. The following pre- 
survey activities are recommended: 


° Identify sources of magnetic noise 
interference, adjust grid lines and 
stations to minimize effects. 


° Determine line and station intervals 
to maximize site coverage, providing 
for anticipated anomaly size. 


° Design program to _ intersect 
observable features of interest, since 
these features will undoubtedly be of 
interest to the site investigators. 


° If previous assessments, such as 
trenching or other geophysical 
surveys, have been conducted be sure 
to include these areas within the 
magnetic survey for data correlation 
purposes. 


° Remoteness of the site will affect 
equipment and survey requirements. 
Provide for in the field computer 
analysis for data inspection purposes 
when possible. 


Select magnetometer equipment, 
either gradiometer or total field, to 
match the job. If a large survey is to 
be performed, arrangement for 
additional magnetometers is highly 
recommended for both surveying and 
base station diurnal measurements. 


Provide for suitable non-magnetic 
surface locating markers. 


Arrange for surveyors to mark 
baselines and stations before 
beginning the acquisition phase. The 
proton magnetometer survey can be 
performed at an extremely rapid rate 
in the range of 2,200 measurements 
per day or 5.5 20x20 meter grids per 
day. If the geophysical crew is 
expected to perform this function, 
survey speed will diminish 
accordingly. A fluxgate gradiometer 
survey can be performed at even 
more rapid rate in the range of 9,600 
measurements per day or 24 20x20 
meter grids per day. 


Provide for line locating on base 
maps for anomaly definition. 


Schedule other assessment activities 
before or after the survey, as the 
presence of equipment nearby could 
possibly appear as magnetic noise. 


Be prepared to modify or adjust 
survey parameters upon initial data or 
site analysis. 


On-Site Compatibility Testing and 
Equipment Calibration 


On site instrument and operator checks are 
required to assure that a high quality survey 
is performed. Calibration of the 
magnetometers consists of “tuning” or 
adjusting the sensitivity with relationship to 
the geomagnetic field at the site. This figure 
corresponds to the field strengths of 
approximately 50,000-60,000 gamma across 
the United States. Tuning is preferably 
conducted in an area free of magnetic 
disturbances whenever possible. Likewise, if 
a second magnetometer is utilized for a base 
station to measure diurnal or temporal effects 
it must be compatibly tuned with the moving 
survey instrument. If a base station 
instrument is not available, a base station 
location can be established where the one 
survey instrument is taken throughout the 
survey day to acquire diurnal correction 
information. If a gradiometer is utilized for 
the survey, a diurnal check is not necessarily 
required, but is recommended as a daily 
check of equipment operation. 


Upon or prior to instrument tuning, 
instrument function checks are required: 
batteries are charged, magnetometer memory 
is clear of extraneous readings, the magnetic 
sensor is orientated properly with respect to 
the geomagnetic field and the sensor is 
placed on the survey staff at an applicable 
height above the surface to detect contrasts of 
interest. The staff height selection may be 
adjusted after acquiring a test line. It should 
be remembered the greater the distance 
between the sensor head and the anomaly, 


the less influence the anomaly will have on 
the magnetic field intensity. Also of vital 
concern, the operator must be relatively free 
of magnetic materials if data contrasts of | 
gamma or less are to be observed. It must be 
remembered the localized field created by a 
magnetic source is defined the distance 
relationship of 1/r’. 


The acquisition of a test line over a known 
feature is highly recommended, if possible. 
This provides an opportunity to observe site 
specific characteristics. Survey parameter 
adjustments can be performed upon analysis 
of this information. In the rare instance, this 
information may reveal some unforeseen site 
characteristic or the occurrence of a solar 
magnetic storm that may preclude the 
performance of the survey. Normally, 
successive readings taken at each location 
should not vary more the + or - 1.0 gamma 
if they are to be considered valid. 


Data Acquisition 


Upon establishment of a survey grid, data 
acquisition consists of progressing down the 
survey line and obtaining measurements at 
each station interval. Observation of several 
successive readings taken at each location 
determines the validity of the measurement. 
In areas of strong gradients, valid 
measurements may be impossible to acquire 
and should be noted. The time spent trying 
to obtain a valid reading can increase 
surveying time considerably. Generally, if 
only one instrument is utilized for measuring 
the total magnetic field, a measurement must 
be taken at a pre-selected base or fixed 


location for diurnal corrections before the 
start of each profile line or at selected time 
intervals. 


Modern magnetometers are capable of being 
programmed to store in memory a line and 
station sequence as well as the time of day 
for each measurement taken. Depending on 
site and survey requirements, a surveyor can 
acquire an average of 2,200 measurements 
with a proton magnetometer at one meter 
samples along one meter transverses or 
19,200 measurements with a fluxgate 
gradiometer at 0.50 m samples along one 
meter transverse intervals on a good day. 
Magnetometer memory storage capabilities, 
before a transfer of data readings are 
required to the computer, are instrument 
dependent. The least expensive proton 
magnetometer models will record 1,200 data 
location points while more expensive model 
instruments can record up to 12,000 
locations. The Geoscan FM18 fluxgate 
magnetometer will record 1,800 data 
measurements while the FM36 will record 
160,000 measurements. 


Experience and knowledge of the equipment 
operator is an important factor in a survey. 
Equipment malfunctions, data quality and 
visualization of anomalies can, in most 
instances, be quickly assessed by the 
experienced operator. This ability provides 
a quality assurance ultimately affecting the 
effectiveness and rate of surveying. 


Often the boredom and fatigue of acquiring 
magnetic data affects even the most 
conscientious operator. Therefore, it is 


recommended, at least for larger surveys, a 
second operator by available. This person 
can help in data acquisition, provide site 
support, survey quality control, and perform 
preliminary data analysis. 


Field Data Documentation 


Good field notes are necessary to indicate 
variations in survey parameters such as line 
locations, station skips, and other general 
disruptions encountered during surveying. A 
field book is generally kept with the operator 
to record these features although the 
magnetometer is capable of keeping track of 
the readings, and in some cases allow input 
of small messages, the notebook is nearly 
always referred to during data reduction and 
analysis. 


Data Reduction 


Field: A daily inspection of the acquired data 
is often necessary to check quality and direct 
survey activities. An ability to inspect or 
analyze the data necessitates a numerical 
correction to the data to reinove the time 
varying changes in the magnetic field. This 
can best be accomplished by transferring the 
data from the magnetometer to a portable 
computer. Utilizing appropriate computer 
software often supplied with the 
magnetometer, an average gamma value 
correction per time interval, determined from 
simultaneously acquired base station data, is 
multiplied by the difference in time between 
each successive field reading. The result of 
each calculation is processed or subtracted 
from corresponding field measurements. 


These values can then be depicted as a 
magnetic profile where distance along the 
profile is plotted against magnetic intensity. 
Review of paralleling adjacent profiles allows 
for recognition of regional features, and 
smaller wavelength anomalies. Computer 
assisted contouring programs are also useful 
for reviewing acquired data on a daily basis. 
Interactive features allow for filtering of the 
contoured data to remove data obscuring 
interferences. 


Instances where remoteness of the site 
precludes usage of a computer, a manual 
inspection of data can be performed. 
Performance of this task is laborious 
requiring calculation of the correction values 
and subtraction and plotting of results. 
Large surveys conducted under these 
circumstances require usage 8O_sooof 

with extended data storage 


Office: Data reduction in the office 
environment is similar to operations 
conducted in the field, when a computer is 
available. Office activities often allow a 
more detailed analysis of the data, perhaps 
involving applications of refined filtering 
techniques to produce residual magnetic 
profiles or magnetic intensity contour maps. 


Interpretational Processes 


Every site survey produces a unique 
magnetic intensity data set. Anomaly 
separation or development, necessary to 
distinguish features of interest from those 
created by noise, varies accordingly . In 


situations where a survey is confined to a 
small undisturbed area of homogeneous soil 
containing magnetically monaxonic features, 
data interpretation may be self evident, 
dependent upon the investigators experience. 
Addition of interferences due to noise 
sources such as fences or building structures, 
increases complexity. Due to magnetic 
consequences of complex geology, magnetic 
target pattern recognition becomes extremely 
difficult. As a result, interpretation 
processes can attain nightmarish proportions, 
often resulting in an insufficient time 


allocation for the interpretation process. 


The signature of an object buried within a 
homogeneous material can best be described 
as a bar magnet orientated in various 
positions. It creates its own magnetic field 
or disturbance within the geomagnetic field. 
If it is laid upon its side, it will be observed 
as a north-south or positive and negative 
magnetic dipole anomaly. Standing it on 
end, a monopole, either negative or positive 
will be detectable. Orientation changes of 
the bar magnet will often create complex 
asymmetrical dipole anomaly shapes 
dependent upon magnetic intensities and the 
distance to the magnetometer sensor. If 
anomalies associated with artifacts, soil 
disturbances or structures overlap as they 
often do in anthropogenic relationships, 
contributions generated by each source can 
create complex anomalies. 


Interpretation of the significance of a feature 
is site specific. Integration of all available 
site information to determine site context is 
required. If the site is of historic 


significance the anomaly intensities will 
generally be greater than those found on a 
prehistoric site, all other parameters being 
equal. Presence of near surface iron objects 
will create high intensity anomalies. 
Structural elements may be observable as 
small broader anomalies exhibiting some sort 
of lineation, if magnetic susceptibilities and 
remanent magnetization offer proper 
contrasts. Surveying performed at 
prehistoric sites indicate contrasts are often 
very subtle, requiring close examination by 
the interpreter. It is a rare occurrence, for 
example, to identify the signature of the 
thermo-magnetization associated with the 
burn site unless contrasts of | gamma or less 
are observable. Modelling is a useful 
method of visualizing the significance of an 
anomaly, though the model chosen may not 
be a unique solution. Also, the 
determination of a background gradient 
developed from a nearby area unaffected by 
archeological materials can be utilized in the 
model. Removal of this non-anomalous 
portion of the data can enhance detection of 
archeological anomalies through the 
modeling process. 


Appreciation of the diverse types of magnetic 
anomalies is therefore an interpretive 
requisite. Most importantly, comparison of 
survey results with known features are the 
greatest interpretative aids and part of the 
experience factor. The following functions 
are recommended for a site survey: 


° Surveying be conducted within a 
nearby clean area, free of the sought 


after archeological features or other 
magnetic interferences. 


° Excavation of several anomalies be 
conducted to “calibrate” or ground 
truth the survey data. 


° Integrate all available data for 
discrimination of noise from features 
of interest. 


The extra time and effort expended in 


performing these functions will greatly 
enhance the success of the survey. 


Presentation of Results 


A report of findings, in a narrative format, is 
generally provided with the magnetic 
intensity profiles and /or contour map 
depicting the results of the survey. This 
narrative normally describes the objective of 
the survey and goes on to provide 
information as to how the objectives were 
met. The following should be presented: 
survey objective; statement of tasks required 
to be performed to satisfy the objectives; 
description of the chosen method and 
equipment utilized; survey grid delineation 
and why chosen; other information utilized to 
be integrated into the results; an 
interpretation of the findings as related to 
maps or profiles describing their 
significance; survey conclusions; 
recommendations. 


Special Considerations 


The investigator should be continually aware 
of possible magnetic noise or interferences 
generated by both above- and below-ground 
features. He must also anticipate site 
circumstances (topography, access, burial 
depth, etc.) that can affect the outcome of the 
survey and adjust the survey to fit objectives. 
During actual surveying the survey grid must 
be refined enough to provide adequate 
coverage of the anomaly; the magnetic sensor 
must be orientated correctly and held very 
still during measurements. 


Required Expenditures 


Magnetic survey instruments, particularly a 
proton precession magnetometer, is a 
relatively inexpensive piece of equipment 
compared to other geophysical instruments. 
Currently an instrument can be purchased for 
approximately $4,500 (1994). A proton 
magnetometer configured as a gradiometer 
instrument can be purchased for 
approximately $10,000 new (1994). An 
Overhauser effect magnetometer is currently 
$7,500 and configured as a gradiometer is 
approximately $10,500 (1994). Instrument 
rental costs are approximately $25-35 per 
day. Used instruments can occasionally be 
found considerably less expensive. Fluxgate 
and alkali vapor equipment are considerably 
more expensive (purchase price $ 10-20,000, 
1994). A contractor field crew of two 
surveyors, and equipment, will require an 
approximate expenditure of $1,000 per day 
plus per diem. This should include a daily 
data quality check either provided as 


magnetic intensity profiles or possibly some 
type of contoured intensity map, This 


information should not be considered the 
final data interpretation. The quoted cost 
may or may not include the establishment of 
a grid coordinate system across the site. 
Depending upon the site assessment, as to 
necessary locating refinement, survey 
locating requirements may be considered as 
an additional expense. Software for plotting 
the magnetic data may range from $500 to 
$15,000. 


Contractor interpretation expenses can vary 
according to survey needs. If formal maps 
and a narrative are required additional time 
will be required to perform these functions. 
Generally, a cost of $500 per day (1994) can 
be expected. Experienced interpreters will 
allocate two uays of office interpretation time 
for every day spent in the field surveying. 


Self-Potential Methods 


Purpose 


Small naturally occurring positive or negative 
electrical potentials, measured in millivolts, 
are generated by fluid flow, mineralization 
and ycothermal gradients within the earth. 
Referred to as self-potential or spontaneous 
potential anomalies, a qualitative 
interpretation of their relationship to 
subsurface features can be determined. 
Generation of a mineralization or background 
potential requires the formation of a chemical 
concentration ion exchange cell. When 
potential electrolytes flow through a porus 


media, coming into contact with each other 
or a solid mineralized body, negative and 
positive electrical potentials having values of 
ten to several hundred millivolts may be 
observed. Background potentials may be 
generated by groundwater flowage through a 
hydrogeologic capillary system. In the near 
surface, groundwater flowage collects and 
transports positive chemical ions through the 
porous media, concentrating a positive 
change at the exit point and leaving a net 
negative charge at the point of entry. Ifa 
significant charge differential is developed, 
location of the seepage points may be 
identified. For mineral exploration purposes, 
where fluids are in contact with a solid 
mineralized body, observations of a negative 
millivolt anomaly is likely. 


A voltage meter reading acquired from two 


Self-potential methods are subject to 
numerous site specific, as well as, survey 
difficulties. A primary requirement, 
particularly with respect to archeological 
surveying, is that a measurable electrical 
potential must exist within the area and depth 
of interest. Often, due to the shallow near- 
surface nature of archeological 
investigations, no measurable contrasts may 
be observed. It must be assumed self- 


potential anomaly amplitudes generated by 
archeolugical features will in most instances 


be small. Data quality will be dependent 
upon acquisition procedures, field data 
reduction, and recognition of natural, and 
artificially generated noise. Since data 
interpretation concerns comparison of source 
models to observed field data, non-unique 
solutions exist for all data sets. Additional 
limitations or data errors involve non- 
reproducible field observations due to 
continual changes in shallow soil moisture 
conditions, electrode polarization drift and 
time varying earth telluric electrical 


potentials. 
Applications 


Self-Potential methods were first utilized in 
mineral exploration. Their application to 
engineering and environmental investigations 
are relatively recent developments. 
Generally, SP surveying is often used as a 
cost effective, rapid reconnaissance 
investigative tool prior to performance of 
other geophysical studies. Specific 
applications for engineering and 
environmental investigations _— include 
determination of groundwater flowage and 
seepage from containment structures; the 
affect of man-made structures and geologic 
features on flowage patterns, and delineation 
of chemical contaminants in the subsurface. 
Applications for archeological investigations 
are generally related to near-surface water 
flowage patterns associated with buried 
structures or disturbances. Where flowage is 
absent, it is likely no self-potential anomaly 
will be observed. 


Equipment Selection 


Self-potential measurements can be obtained 
using a high impedance digital voltmeter, 
three non-polarized porous pot electrodes and 
connection wire. Due to the simple nature of 
the equipment, it generally is not available 
from geophysical supply sources. Therefore, 
the required equipment may be acquired on 
a local basis. Non-polarized electrodes 
generally consist of copper-copper sulfate or 
silver-silver sulfate electrodes. They are 
available commercially through pipeline 
corrosion survey suppliers. Connecting 
wires should be insulated, single conductors, 
of suitable lengths varying from 1000-2000 
feet for large survey areas and up to several 
hundred feet for archeological investigations. 


Pre-Survey Evaluation 


It is essential that site specific factors are 
accounted for or reviewed before a survey is 
attempted. These generally include: 


° Knowledge of soil moisture or 
ground water flowage conditions at 
the site. Generally if the soil 
conditions are dry and archeological 
targets are earthen structures, the 
method has little chance of 
succeeding. 


° Review of geologic features, 
including topography, mineralization 
and soil properties to predetermine 
their affects on a survey. 


° Eliminatior. or verification of cultural 
and other noise sources, such as stray 
or grounding electrical currents, 
buried metallic objects and surface 
waters. 


Overall, it must be realized self-potential 
values associated with archeological features 
will be small. Electrical potential variations 
due to numerous interferences can easily 
obscure the sought after information. 


On-Site Compatibility Testing and 
Equipment Calibration 


implementation of site specific, reproducible 
field procedures requires excellent equipment 
calibration and compatibility testing. 
Acquisition errors must be minimized for 
low amplitude anomaly recognition. 


Equipment system checks involve 
determining if the voltmeter is operating 
properly and calibrating the porous pot 
electrodes within a known metal salt solution 
bath. Normally, a third electrode is left 
within the salt solution bath as a reference 
electrode for comparison with the field 
measurement electrodes. As the field 
electrodes are moved about and placed in the 
soil, electrode polarization and drift occurs. 
Elimination of these errors may be achieved 
by periodic reference to the salt bath solution 
electrode. 


A survey base station, selected in a relatively 
quiet area of the survey site, should be 
established. This site may be designated as 
the zero potential point site, since SP 


measurements never have a real universal 
zero potential reference level. This site is to 
be periodically returned to during surveying 
activities to provide background values and 
as a test location for data reproducibility. 
Measurements acquired at this location allow 
corrections to be made for noise related to: 
changing soil conditions, temperature, 
temporal telluric potentials, as well as, other 
natural and artificial sources. 


Data Acquisition 


As in all potential field surveying, SP survey 
design is dependent upon anticipated anomaly 
size. Since archeological features are 
generally small in size and near surface, 
close measurement station spacing is 
required. Station spacings on the order of 
five to ten feet, acquired along parallel lines 
five to ten feet apart is recommended as a 
general rule. Loop closure or tie point 
reoccupation of measurement stations is also 
recommended to provide quality contro! for 


measurement reproducibility. 


Two methods of self-potential surveying, 
having a similar configuration to resistivity 
methods, can be performed. The dipole, 
profiling or gradient format utilizes two fixed 
electrodes spaced at distances equal to the 
station spacing. The normal mode of 
operation involves placement of the electrode 
in pre-dug shallow soil holes, observation of 
voltmeter potential electrical difference and 
leap frog movement of the trailing negative 
electrode to the next station location, leaving 
the positive electrode at the same location. 
The negative and positive electrode polarities 


are then re-established at the new location, 
negative trailing, positive leading. 


The second method, fixed-base design, uses 
a stationary fixed base electrode arrangement 
where the measuring electrode is moved 
away from the base electrode to each station 
point on the survey line. A _ voltmeter 
potential is recorded for each station with the 
negative electrode always located at the fixed 
base. The resultant values for each 
configuration should be equal with the 
exception of a reduction of cumulative error 
in the fixed base method due to less time 
varying effect. Other advantages of the fixed 
base format are one man operation and better 
data reproducibility since station points are 
easily re-occupied. 


Good field procedures for either 
configuration includes digging of placement 
holes with non-metallic implements for 
electrode placement, placement of the 
electrode within the zone of vadose moisture 
and cleaning of the electrodes before each 


placement. 
Field Data Documentation 


The equipment operater and survey 
coordinator must be aware of the importance 
of accurately recording data measurements, 
station locations and comments pertaining to 
survey interferences. It is recommended that 
a field plot, data sheet and voice recorded log 
be kept throughout field survey activities. 
As discussed previously, replication of SP 
data is difficult to say the least, particularly 
with respect to low amplitude anomalies, 


having 10 millivolt (mv) values. Therefore, 
survey accuracy is of tantamount importance. 
The following survey attributes should be 
documented: line and station location, the 
sign (plus or minus), and millivolt reading, 
weather conditions, time of day to the 
minute, cultural features, soil conditions, 
calibration variations, and conditions of 
placement of the electrodes. For 
archeological investigations, it is 
recommended survey lines be preferentially 
orientated 90 degrees to known features of 
interest. 


Data Reduction 


Field: Data reduction in the field involves a 
profile plot of the uncorrected field data. SP 
values in + or - millivolts are plotted verses 
survey line station distances on an x-y axis. 
Obvious errors, interferences or requirements 
to reduce or expand station and line spacings 
can be visualized from these plots. 


Office: All corrections to the data set are 
normally performed after the field surveying 
is completed. Individual _ station 
measurements are compared to the periodic 
reference electrode measurements to adjust 
the data for drift and electrode solution 
variations. Excessively noisy stations may 
also be deleted from the data set or 
compensated for, if a source can be verified. 
Plotting and connecting of the data points is 
again performed on an x-y axis for 
interpretative purposes. If the data curve 
appears spiky some smoothing or filtering of 
the data may be performed. 


Interpretational Processes 


Analysis of SP data is most commonly 
performed in a qualitative fashion by 
examination of profiles and contour plots. 
More structured, geometric source modeling 
may be conducted to determine depth, 
configuration and location of anomaly 
sources. The desired goals of the survey, 
available subsurface information and data 
quality will dictate which interpretative 
analysis is to be selected. 


SP surveys conducted for mineral 
exploration, engineering and groundwater 
movement are generally interpreted through 
a modeling sequence. Geometrically shaped 
anomalies of varying depths, sizes, and 
amplitudes in the form of spheres, cylinders, 
vertical and horizontal sheets and line or 
point sources may be compared to the 
recorded data situated within a correct 
geologic regime. Recognition of the proper 
model requires many interpretative iterations 
and may be performed on a computer. It is 
important that the interpreter be cognizant of 
both the overall shape of the data, as well as, 
the small wavelength features to determine 
their significance. Interpretive complexities 
result where anomalies due to water flowage, 
soil changes, structure and mineralization 
overlap. 


Examples of typical SP anomaly characteristics follow: 


Feature Sign Amplitude 
Increase in soil clay 
content Positive Small 
Coarse gravel and sands Negative Small 
Topographic increase Negative Small 
Areas of faults and 
fractures Negative Large 
Geologic Contacts Sign change only 
Influx of groundwater Negative Small 
Discharge of groundwater Positive Small 
Mineralization Negative Large 


Observed amplitudes can vary between ten to several hundred + or - millivolts. 


SP surveying for archeological purposes will Presentation of Results 
be most closely utilized with a qualitative 


interpretation sequence. Small wavelength Profiles and contour maps are the preferred 


anomalies located in low noise areas may be 
detected by pattern recognition, based on 
available site information. In most instances 
structural features such as a wall or midden 
may be detectable due to near surface 
differential water flowage. For example, a 
porous wall may be observed as a small 
amplitude, negative feature. 


format for presentation of SP survey results. 
A narrative describing sources of noise, both 
natura! and man-made would be helpful to 
evaluate the survey success. 


Special Considerations 


The ease which a survey can be performed 
and low cost instrumentation make this an 
attractive surveying technique. Its potential 
value for archeological surveying is limited 


by often complex interpretation 
requirements, rigors of reproducible field 
procedures and most importantly, numerous 
sources of noise. Careful field procedures 
are very important (clean, well placed 
electrodes, stable reference electrode bath 
and good documentation) to obtain 
meaningful data. 


Required Expenditures 


Self-Potential surveying instrumentation is 
inexpensive by comparison to other 
geophysical equipment. Porous pot metal- 
metal salt electrodes can be purchased for 
$150 for a set of three, a digital voltmeter for 
$100 and single conductor, insulated cable, 
$0.55 - $0.80 per foot ($1.80 - $2.75 per 
meter). A crew of two can cover 2000 linear 
feet (610 linear meters) of survey line, with 
two foot (0.61 meter) spacings, in one day. 


When employing a contractor to perform a 
survey, approximately $0.55 per foot ($1.80 
per meter) of linear surveying is a common 
cost. Interpretation of data and report of 
findings will require additional time and 
effort dependent upon survey complexities. 


Gravitational Methods 
Informational Discussion 


The basis for a gravity survey is to detect and 
measure anomalies due to the gravitational 
field. Gravity surveying has several similar 
characteristics to magnetic surveying. 
Surveying is conducted at stations along 


survey lines, raw data requires corrections, 
(although gravity requires several more than 
on magnetic data), both methods are based 
on similar force laws, Newton's law of 
gravitation and Coulomb's law of magnetic 
attraction, and the interpretative sequence 
involves anomaly modeling through 
examination of profiles and contour plots. 


If the earth was considered a homogenous 
sphere of uniform density, gravitational 
forces across the planet would be equal at all 
measurement points. This is not the case, 
due to horizontal density or mass contrasts in 
subsurface materials. Unconsolidated soils 
exhibit densities within ranges of 1.56-2.6 
g/cm’, sedimentary and igneous rocks may 
exhibit ranges of 1.55-3.0 g/cm’ while some 
dense minerals have densities over 5.0 
g/cm’. These contrasts provide a means of 
exploring for minerals and offer some 
exploitable applications for engineering and 
environmental investigations. 


The gravitational force exerted on a mass 
attached to a lever and zero length spring 
arrangement allows relative measurement of 
changes in the acceleration of gravity. This 
measurement is accomplished utilizing an 
instrument termed a gravimeter. The units of 
gravitational measurement is termed Gal, 
where the gravity acceleration of the earth is 
980 Gals or 9.8 meters/second’. Standard 
gravimeters used in geological exploration 
are capable of measuring contrasts of 0.01 
Gal. Micro gravity instruments can measure 
contrasts of 0.001 Gal anomalies and are 
primarily utilized in engineering or 
environmental investigations. 


Gravity methods utilized for engineering and 
environmental studies are somewhat closely 
related to archeological investigations, For 


archeological purposes gravity methods have 
their greatest application in determining 


locations of subsurface voids, mapping 
bedrock and density determination of 
possible archeologically related topographic 
features. The major problem of applying 
gravity methods to archeological 
investigations is often related to insufficient 
signal to noise (s/n) ratios. A small s/n ratio 
results in the gravity method being incapable 
of detecting small density contrasts related to 
archeological features. This sensitivity 
problem is not completely related to the 
gravimeter capabilities but is greatly 
influenced by raw data correction 
requirements, especially those related to 
small terrain corrections. Terrain corrections 
are capable of obscuring many archeological 
features. 


The methodology for conducting a survey is 
nearly identical to those of a magnetometer 
program. It consists of determining pre- 
survey objectives, acquisition of data with 
necessary precision, identify anomalies with 
respect to site context, and translation of 
findings to aid the investigation. 


The field procedures consist of surveying on 
an established grid with station points 
separated by distances equal to one-half of 
the anticipated depth of interest. Micro 
gravity surveying requires elevation 
corrections within 0.4 cm, which are often 
very difficult to achieve. Generally, it is 
advantageous to calibrate instrumentation te 


a gravity survey benchmark. Reoccupation 
of a selected base point on an hourly basis or 
less, perhaps every 15 minutes for a 
precision survey, is required to correct for 
instrument drift. A base station gravimeter 
cannot be utilized due to variations in drift 
between instruments. 


Uncorrected gravity data or raw field data 
normally does not provide inherently obvious 
information. An interpretation is possible 
only after the difference between the 
observed gravity is corrected for latitude, 
elevation, mass and terrain and compared to 
the theoretical gravity calculated at the 
station point, for a selected datum. After 
calculation of each value, indicated 
anomalies may be compared to specific 
source models. Since anomaly 
characteristics can be reproduced by 
numerous source configurations, 
interpretation is often ambiguous. 
Therefore, all site specifics, including data 
from other geophysical surveys should be 
incorporated into an iterative interpretation. 
Identification of anomalies can range from 
sophisticated to simple locating dependent 
upon data quality, objectives and budget. 


Survey expenditures, manpower and time 
requirements are similar to those experienced 
in a magnetometer survey with exceptions. 
Additional expenses for precision station 
location surveys, more intensive data 
reduction requirements and expensive 
equipment, $35,000-40,000 for a micro 
gravimeter, contribute to increased costs 
averaging $1,650 - $2,250 a day for field 
work. Analysis involves several complex 


computer assisted data reduction routines, To date, gravity surveys have seen limited 
therefore an expenditure of $550 per day can use in archeological investigations. In the 
be expected for report preparation. future, it is believed this method will see 


expanded utilization due to the combination 
of accurate, satellite terrain surveying 


capability. 


ACTIVE OR INDUCED TECHNIQUES, 
GENERAL DISCUSSION 


CHAPTER 4. 


A number of active or induced geophysical 
techniques have been perfected that are based 
on introduction of electrical currents, 
electromagnetic or acoustic energies into the 
subsurface. Interaction of these transmitted 
signals within subsurface materials alter 
specific properties or attributes of the input 
signal. Changes in signal related to 
amplitude, frequency, wavelength, and time 
delay properties may be observable. Earthen 
media is considered a relatively poor 
conductor of energy by most standards, 
significant amounts of the transmitted energy 
are lost or diffused into the subsurface. 
Often though, some small amounts of the 
returning energy can be detected utilizing 
appropriate geophysical receivers. These 
signals can be amplified, compared to 
transmitted signals and recorded in some 
manner for analytical purposes. By actual 
testing, theoretical consideration and 
modeling, subsurface material properties can 
be indirectly ascertained from the observed 
signals. 


Active or induced techniques having 
applications to archeological investigations 
include electrical resistivity, electromagnetic 
ground conductivity and ground penetrating 
radar. Acoustic or seismic techniques are 
also considered active methods, but at 
present, have very limited or specialized 
usages for archeological purposes. 


Metal detectors are generally configured in a 
form of either as active, electromagnetic 
conductivity meters or as a passive, vertical 
gradient magnetometer. The electromagnetic 
detector is the more commonly utilized 
instrument. It has the ability to detect 
ferrous, as well as other metals, whereas the 
vertical gradient magnetometer variety will 
only indicate the presence of iron. 


Electrical Resistivity 
Purpose 


Geologic materials often exhibit a somewhat 
diagnostic impedance or resistance to 


flowage of introduced electrical currents. 
This electrical resistivity of a material or 
conversely, its ability to conduct electricity, 
is directly related to its porosity, 
permeability, saturation, and chemical nature 
of entrapped fluids. Measurement of these 
subsurface properties is accomplished by 
introduction of an electrical current of known 
intensity and frequency into the subsurface at 
a selected location. Observation of the 
resultant electrical potential at some distant 
point(s), provides a measurement of voltage 
loss due to the lateral and vertical variations 
of subsurface materials. Since many 
materials such as sands, gravel, and shales, 
exhibit non-unique resistivity ranges due to 
fluid saturation, knowledge of site geology is 
required to extrapolate resistivity data. 


Often, particularly with regard to shallow 
archeological investigations, observation of 
relative resistivity or conductivity lateral 
changes along a survey line are diagnostic 
irrespective of absolute intensities. Lateral 
changes are mapped by profiling techniques. 
Observations of vertical variations in 
resistivity mapped by resistivity sounding 
techniques provide a means of detecting 
subsurface inhomogeneities at greater depths 
than profiling techniques. Normally, the 
very near surface nature of anthropogenic 
remains indicates the usefulness of the 
profiling methods for archeological 
investigations. 


Limitations 


The usefulness of resistivity methods is 
primarily dependent upon anomaly or target 


characteristics. For archeological 
investigative purposes where targets are 
generally small in size, resistivity value 
contrasts between target and surrounding 
materials are minimal or where background 
noise due to site conditions obscures features 
of interest, resistivity method will be limited. 
Interpretation of observed lateral variations 
in near-surface soil can be extremely 
complex due to these factors. Additionally, 
alteration of soil saturations or chemical ion 
properties such as caused by the addition of 
fertilizers, will affect observed subsurface 
electrical properties causing replication 
problems within a given time period. 


Application 


Both resistivity profiling and soundings have 
been utilized extensively for mineral 
exploration, engineering and environmental 
purposes. Mineral exploration and related 
uses include delineation of gravel, sand 
deposits and sulfide ores, detection of faults, 
and groundwater evaluation. Engineering 
applications have involved examination of the 
integrity of foundations, soil characteristics, 
veid detection and permafrost delineation. 
Environmental usages include identification 
of landfill materials and subsurface 
contamination. 


Resistivity profiling for archeology purposes 
involves identification of nearly all forms of 
constructed features such as foundations or 
walks, compacted soils and excavations. 
Areas of humus, related to occupation, are 
also detectable. 


The ease of resistivity data acquisition and 
observation of lateral changes across a site 
offers the archeologist an attractive 
investigative tool, with respect to other 
geophysical methods. As with all 
techniques, its site specificity must be 
accounted for. 


Equipment Selection 


Basic resistivity equipment utilized for 
profiling and sounding consists of a battery 
or generator powered a.c. or d.c. current 
transmitter, digital voltmeter receiver, four 
electrodes and connec‘ion wire. Due to the 
d.c. nature of ma:i-caused and naturally 
occurring (self potential) currents found in 
the earth, a.c. or pulsating d.c. current 
transmitters are commonly utilized to help 
eliminate noise interferences. The current 
source is attached by wire to the current 
electrodes, vertically installed copper or iron 
stakes. The digital voltmeter is utilized to 
measure the electrical potential across the 
potential electrodes. Typical current output 
for a small portable system is 20 
milliamperes (ma), while a powerful 
generator system output may achieve 100 
milliamperes. 


Resistivity equipment requirements for 
archeological profiling would in most 
instances consist of a highly portable, battery 
powered, low voltage system, since high 
power systems are utilized for greater depth 
penetration. | One available instrument 
(Geoscan), using a twin dipole array, allows 
rapid acquisition of relative resistance, 
without measuring resistivity. A digital data 
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logger is highly recommended as a method of 
recording observed voltage measurements. 
This will increase field data acquisition 
capabilities, reduce data reduction input time 
and provide a measure of quality control. 


Pre-Survey Site Evaluation 


Before traveling to the field, site evaluation 
and method criteria must be reviewed. The 
success of the survey is dependent upon: 


° Determination of target size 
and depth of burial. This will 
determine preliminary survey 
line spacing, “a" spacing or 
spacing between electrode 
pairs and station spacing 
between measurement points 


along each line. 
° Knowledge of geologic 
materials at the site, if 


available. This will provide a 
general range of resistivity 
contrasts to be expected. 


° Observation of the weather 
patterns and resultant soil 
saturations that may offer the 
most conducive conditions for 
target recognition. 


° Determine sources of 
potential noise, such as; 
cultural features, fences, 
pipelines, power lines, 
communications equipment, 
railroads and cropland usage 


(the presence of irrigation 
related salts in the soil) and 
secondly, naturally occurring 
noise produced by  self- 
potentials, geology, lateral 
effects of topography and 
weather. 


Upon review of these site-specific conditions, 
the chances of survey success may be 
estimated. 


On-Site Compatibility Testing and 
Equipment Calibration 


On-site testing will generally consist of 
configuring the electrodes in an acceptable 
array for profiling based on anticipated site 
requirements. Definition of an array is the 
manner in which electrodes are placed with 
respect to each other on the surface. For 
archeological surveying purposes, a common 
configuration is a Wenner array where 
current electrodes are placed at the ends of 
the station with potential electrodes placed 
in-line between the current electrodes. The 
distance between each electrode is set to 
some “a” spacing distance usually equal to 
anticipated target depth. Other arrays may 
be selected dependent upon survey 
requirements. The most commonly used 
arrays are Schlumberger, dipole-dipole, pole- 
dipole and gradient. 


Upon selection of an acceptable array, in this 
case the Wenner, tests are conducted by 
changing “a” spacings in a selected test area, 
hopefully free of _—_ interferences. 
Reoccupation of this lncation during the 


survey period will establish a baseline for the 
equipment and site. Additional calibration 
should be performed over an archeological 
feature, if known, to ensure a proper “a” 
spacing, distance between stations and survey 
lines are attained. 


A final check of all equipment including 
battery power is recommended before field 
acquisition begins. 


Data Acquisition 


The performance of a resistivity profiling 
survey requires the establishmen! of a survey 
grid where line and station locations are 
clearly marked. Generally, it is 
recommended the resistivity survey grid be 
orientated such that survey lines 
perpendicularly transect features of interest, 
whenever possible. Upon determination of 
the grid, the four electrodes are placed at 
respective locations dependent upon the 
selected array and at some “a” electrode 
separation, coincident with target depths. 


For a Wenner array, one of the most 
common profiling electrode placement 
geometnes, the four electrodes are situated as 
current - potential - potential - current with 
equal fixed distances or “a” spacings between 
electrodes. A voltage is introduced into the 
ground simultaneously at the current 
electrodes and a resultant voltage change in 
ohms (a measurement of electrical resistance) 
is observed across the center potential 
electrodes. The observed value is the 
apparent resistivity at the station. The value 
may be expressed in ohms resistance per unit 


of distance. The apparent resistivity is 
equivalent to a representative homogeneous 
isotropic half space of the subsurface. Since 
it is Only representative, it is not a true or 
even an average of the resistivity values of 
the materials situated beneath the station. 
Subsequent comparison of observed apparent 
resistivities across the site allows 
identification of conductive or resistive 
inhomogeneities in the subsurface. 


After a measurement is acquired at the first 
station the current electrode at the beginning 
of the survey line may be moved one “a” 
spacing past the second current electrode, in 
a leap frog fashion. Re-establishment of the 
proper current transmitter to current 
electrodes and voltage meter to potential 
electrodes is performed at this location, 
thereby reducing the need for movement or 
re-planting each individual electrode. Thus, 
potential electrode | becomes current 
electrode 2 and potential electrode | becomes 
current electrode | at the beginning of the 
second array. This configuration and 
movement is maintained along the survey 


line to profile completion. 


It is important that, to ensure good 
instrument sensitivity and unwanted electrical 


interferences, electrode resistances be 
minimized. Accomplishment of this task 
often concerns electrode cleaning, placement 
into moist soil, wetting with salt water or 
burial of aluminum foil with the electrodes. 


Upon completion of the survey, normally 
conducted by a two to three man field crew, 
observed apparent resistivities in ohms- 


meters are plotted verses "a" spacings on an 
x-y axis for each survey line profile. 


Field Data Documentation 


As in any geophysical survey, field 
documentation is extremely important. 


Commercially available resistivity, units 
normally are of two varieties, either capable 
or incapable of recording or storing 
measurements. in either case, it is 
recommended the operator record pertinent 
values, as well as, field comments on a data 
sheet. The recording of line, station, current 
intensity and potential can be efficiently 
performed as field helpers set up the next 
station. Operator review of written data 
sheet provides a measure of quality control in 
the field, to allow survey adjustments and 
rapid anomaly recognition. Data sheet 
comments should include; weather 
conditions, since nearby storm interferences 
can influence data, and observed sources of 
other noise. 


Field: At the end of each survey day, 
calculation of each station apparent resistivity 
can be quickly performed by the formula: 


p= AV «kK 
I 


Where I is the current, 4 V is the measured 
potential difference, K is a geometric factor 
dependent upon the array and p is the 
apparent resistivity. A plot of apparent 
resistivity verses survey line length by “a” 


spacing is performed for final data 
interpretation, in many instances. 


Office: Since no additional data reduction is 
necessary afler apparent resistivity 
calculations, office procedures may consist of 
data filtering developed from baseline data to 
adjust resistivity spikes or removal of known 
noise interferences. Production of a 
resistivity contour map may also aid in the 
recognition of subtle features. 


Interpretational Processes 


The recognition of archeologically related 
subsurface inhomogeneities, with respect to 
profiling, is primarily qualitative. Adjacent 
lines and stations are visually compared to 
each other for observation of lateral changes. 
Thus in many cases archeological feature 
interpretation will be related to pattern 
recognition and can be performed with 
relative ease. It is assumed additional 
knowledge of site characteristics is utilized. 


Where site knowledge is limited, source 
modeling can be performed to produce non- 
unique data resolution scenarios. To aid in 
the interpretative process ground truthing of 
several observed anomalies is also required 
to determine the significance of other 
detected features. In all phases of the data 
interpretation, investigators must be aware 
that selection of improper “a” spacings may 
result in non-detection or produce 
unrecognizable anomalies. 


Lastly, before completion of _ the 
interpretative process with respect to 


complex data sets, all possible interference 
affects should be considered. Some of these 
are: lemperature, an increase in temperature 
decreases resistivity, variation of rock texture 
and rock types, local geologic processes, 
presence of clay minerals will decrease 
resistivity, percentage of water saturation and 
terrain influences. It is highly recommended 
as an aid (© interpretation, known 
information be plotted upon the profiles at 
their indicated locations, This should include 
topographic elevations and geologic changes, 


as a minimum. 


As anthropological activities have somewhat 
similar attributes of geologic processes, 
consideration of their general effects on 
resistivities are useful to review. 
Process Remativay 
Weathering (excavation) Dex reese 
Feulting ot fractures Dex reene 
Clay increase Dex reese 
Weter influs Dex remne 
Dev reane 
In reeme 


Dremcshestocon 
Salec sfc etecom 


Mineral Prec epitation Ink remne 
Indurstion (compaction) Inc remne 
Tempersture In reese Dex reane 


Resistivity surveying, when utilized 
independently of other information, may not 
provide definitive data. 


Presentation of Results 


Resistivity survey data is presented in a 
format similar to magnetic, gravity, 
conductivity and SP data. Profiles, contour 
maps and descriptive narrative are generally 
provided upon project completion. As 
previously stated, all available information 


should be plotted along the profile as an 
interpretative aid. 


Special Considerations 


Caution is required in handling of wiring and 
electrodes while connected to the current 
transmitter, particularly high power generator 
systems, electrical shocks are possible. 
Also, due to connective ground wires and 
planted electrodes, electrical storms can be 
dangerous to equipment and crew members. 
Lastly, be aware of sources of noise, 
particularly those related to electrical 
interferences. 


Required Expenditures 


Even when utilized as a reconnaissance tool 
at an archeological site additional surveying 
effort is required to assure target recognition. 
Small “a” spacings require many equipment 
moves, therefore, survey costs will be high, 
perhaps in the $1650/day range when 
performed by an experienced three man 
crew. Distances covered in a day may be in 
the 1000 foot range. Purchase of a limited 
memory recording instrument is estimated at 
$4,000 - $20,000. Instrument rentals of $25- 
45 per day can be expected. Software for 
plotting the resistivity data may range from 
$500 to $15,000. 


In the case of the Geoscan RM15 resistance 
meter with twin-probe array, approximately 
8 20x20 meter grids may be covered in a 
single day with 0.50 m samples along one 
meter transverse intervals. The meter 


available in two versions, basic and 


advanced, has a memory capability of from 
4,000 to 32,000 readings based on memory 
size. The Geoscan equipment, including the 
resistance meter and probe array is 
approximately $10,000. Survey cost would 
be approxim ‘ely $1,000 per day. Geoscan 
provides specialized software for its 
equipment for $1,400 (1994), 


Electromagnetic Conductivity Surveying 


Purpose 


Electromagnetic methods, often referred to as 
EM or induction, provide a means of 
measuring ‘ear surface conductivity. A 
measuremen: is obtained by inducing an 
electromagnetic field into the earth causing 
an electrical current flowage, similar to that 
obtained in a resistivity survey. Utilizing a 
non-surface contacting transmitter - receiver 
arrangement, the interaction of the generated 
circular eddy current loops or 
electromagnetic field with earthen materials 
is directly proportional to terrain conductivity 
within the influence area of the instrument. 
Conductivity is measured in units of 
millimho (mmbho) per meter of material, it is 
the reciprocal of resistivity. Therefore, the 
information provided by a conductivity 
survey should in theory produce similar 
results to that of a resistivity profile survey. 
Generally, the transmitter-receiver instrument 
is calibrated such that the earth is considered 
to be homogenous. Where the earth is 
layered, the instrument will measure an 
average value over the depth of investigation 
interval. Therefore, the usefulness of 


conductivity surveying is its ability to detect 
lateral changes in subsurface materials. The 
main advantage of terrain conductivity 
surveying over that of resistivity profiling is 
the non-surface contact feature. The 
instrument can be moved from station to 
station by a single operator. Whereas, for 
resistivity surveying a crew of three or four 
is often required to move and place 
electrodes along a profile line, EM surveying 
requires one or two crew members. 


Limitations 


Instrumentation, as well as, electromagnetic 
interferences are limiting factors capable of 
affecting the usefulness of the method. 


Currently available instrumentation consists 
of instruments normally constructed with 
fixed distances between the transmitter coil 
and receiver coil. The extent or size of the 
electromagnetic field or loop introduced into 
the ground is determined by these coil 
separations. Since this loop intercepts the 
earth over a restricted area, no adjustment 
for target depth can be realized with the 
exception of varying instrument height. In 
some cases, limited depth information can be 
acquired if the coil orientations are changed 
(parallel or perpendicular) to the ground 
surface. Also, the measurement taken over 
this area is an average of all ground 
components or constituents. Since 
archeological features may influence this 
average to a small degree, features of interest 
may be poorly § defined. Luckily, 


archeological features are normally near 
surface phenomena. One available 


instrument, having a fixed coil spacing of 
one meter, is extremely useful in 


archeological work. 


Electromagnetic interferences and the nature 
of the induced field also are limitation 
factors. Modern cultural interferences that 
fall into the sphere of influence of the 
induced field will be averaged into the 
measurement, These features, such as 
buildings, fences, buried objects and utilities, 
must be accounted for, Likewise, the nature 
of the electromagnetic field and its 
interaction with the ground can limit its 
usefulness. Areas exhibiting high 
conductivities may not maintain a reliable 
ground conductivity value. In other areas of 
low terrain conductivity, it may become 
difficult to induce an electromagnetic field 
with any instrument. Measurement 
sensitivities in the range of 2-2000 ohm- 
meter or 0.5-500 millimhos-meter are 
practical with available instruments, covering 
a useful range of soil resistivities. Lastly, 
due to a proportional reduction in the 
induced field strength with distance, near 
field materials will greatly affect the 
observed measurement. Various instrument 
tests indicate perhaps 65% of the averaged 
measurement value is attributable to 
constituents within the first third of the 


electromagnetic field influence area. 
Applications 

The ease of operation and sensitivity of the 

method to buried metallic objects, soil 

contamination and water saturation has 

resulted in widespread environmental and 


engineering EM applications, Likewise, EM 
has also realized a general acceptance within 
the archeological community as an 
exploratory tool. The ability of the method 
to detect lateral changes on a rapid data 
acquisition, high resolution basis, where 
observable contrasts exist, are its major 
advantages. With respect to buried 
anthropogenic features, lateral changes due to 
compaction, structure, buried metallic 
objects, excavation, habitation sites, and 
other features affecting water saturations 
should be observable. Also, the ability of 
the method to detect all conductive metals 
provides an advantage to more selective, iron 
locating magnetic methods. 


EM methods in mineral exploration are also 
widely used. Large instrument arrays are 
often flown at low altitudes over large areas 
in the exploration for high conductivity 
anomalies associated with base metal and 
precious metal deposits. 


Equipment Selection 


Conductivity equipment consists of a low 
frequency, time varying radio transmitter- 
receiver arrangement incorporating a voltage 
meter. The voltage meter, calibrated to read 
conductivity, allows observation of an output 
voltage that is linearly proportional to the 
conductive coupling effects of the subsurface 
material within the  transmitter-receiver 
influence. A spherical area around the 
transmitter-receiver coils is investigated, the 
size of which is determined by coil 
separation distances. 


Archeologically related == conductivity 
anomalies are generally near surface, 
relatively small, occupying a small volume, 
and are probably not very conductive, if they 
are of a non metallic nature, Therefore, 
equipment must be capable of providing a 
highly sensitive measurement of a relatively 
small volume area. To accomplish this, coil 
spacings must be small, on the order of 1-4 
meters in length. A one meter coil spaced 
instrument, such as a Geonics EM 38, held 
vertically at a height of 30 CM above the 
surface is capable of 1.5 meter investigate 
depth. Thirty five percent of the instrument 
response occurs below one meter. A 
somewhat larger coil spacing of 3.7 meters 
(12 feet) is available in the Geonics EM-31 
model. This instrument averages 
conductivity measurements over a much 
greater soil volume, to a depth of 
approximately 6 meters or 18 feet. 
However, the Model EM-31 may not provide 
sufficient sensitivities to detect small volume, 
non conductive materials. 


Utilizing a one meter coil spacing across a 
site On a one meter station interval will result 
in a significant number of measurements. In 
some investigative cases, one foot spacings 
may be required, further increasing the 
number of measurements. To facilitate 
recording such a large number of 
measurements it is recommended a digital 
recording device, such as a Polycorder Data 
Logger be employed. Acquired data can be 
down loaded to a computer upon survey 
completion. 


Pre-Survey Site Evaluation 


As in all geophysical investigations, pre- 
survey method compatibility evaluation is 
necessary task, Survey objectives must first 
be defined. The size, depth, frequency of 
target occurrence, and its nature or 
composition should be evaluated. Since 
measurements are acquired or observed either 
continuously or on a station to station basis, 
a location grid system must be established, 
according to target defined parameters. Coil 
spacing selection will be defined by 
anticipated target depth. 


The evaluation should include: 


° Identification of cultural related 
interferences. 


. Line and station selection to 
maximize likelihood of 
anomaly detection. 


° Design program to observe 
known features, as well as, 
areas devoid of features for 
control purposes. Survey 
lines should extend sufficient 
distances to pass beyond 
anomaly limits. 


° Since a large number of 
measurements can be acquired 
in a day (1200-1500 on a 
station basis) arrangements to 
observe data on a daily basis 
is recommended. 


Overall, the performance of a site evaluation 
is Most similar to magnetic surveying, since 
design and interferences are similar. 


On-Site Compatibility Testing and 
Equipment Calibration 


Instrument absolute calibration is normally 
conducted at a base station established by the 
equipment manufacturer. The conductivity is 
known at this location to a depth equal to the 
instrument coil spacing investigative depth. 
In the field, an equipment operator will 
normally establish a base station to ensure 
proper equipment operation over the survey 
period. Measurements at this station should 
be consistently reproducible. 


Initial functional procedures for the selected 
instrument involve checking battery 
condition, zeroing the instrument at its least 
sensitive millimhos/meter selection and 
checking the instrument sensitivity to ensure 
the optimum measurement scale. 


Data Acquisition 


Acquisition of measurements is a straight 
forward process, similar to other geophysical 
profiling surveys. Measurements can be 
made along a profile line, on a station to 
station basis or continuously. For 
archeological surveys, where targets are 
small or shallow, overlapping stations may 
be required. This may be accomplished by 
reducing the distances between lines or 
stations. This spacing reduction allows the 
electromagne'ic field or investigative area of 
the instrument to overlap. The decision as to 


the correct spacing will be dictated by 
recognition of the lateral dimensions of 
observed anomalies. After collection of data 
from a few profiles, the operator should 
anticipate these dimensions and adjust survey 


parameters accordingly. 


During the survey the instrument should be 
positioned at a constant height above the 
ground surface. This will limit interferences 
due to measuring small or greater volumes of 
the subsurface if the instrument is varied in 
height. At each station the instrument should 
be consistently orientated in the same 
direction. A rotation of 90 degrees will 
identify lateral inhomogeneities, if they exist. 
This is particularly important since a buried 
wall, for example, will exhibit a significant 
measurement variation if the orientation of 
the instrument is parallel to or perpendicular 
to the feature. To compensate for recognized 
orientation problems, it is recommended two 
measurements be acquired at each location, 
preferably at observed maximum and 
minimum conductivities. These 
measurements can be plotted as an average 


value or may be plotted independently. 


Large meter fluctuations, negative or 
positive, are indications of highly conductive 
subsurface materials, possibly related to 
utilities or other cultural interferences. 
Observation of the extent and orientation of 
the associated anomaly may provide the 
operator insight as to the characteristics of 
the feature. The equipment manufacturer 
recommends determination of the affects of 
nearby cultural features by checking 
orientation and influence distances. The 


operator may move away from the cultural 
feature until its affects are minimized. 
Besides cultural influences, the operator 
should be aware of electrical storm activity 
as it may cause meter readings to fluctuate 


beyond acceptable noise levels. 
Field Data Documentation 


As stated previously for large surveys, all 
measurements, line numbers and station 
locations can be digitally recorded to a data 
logger. For small surveys a written record 
of line, station and measurements will 
suffice. No matter which method of 
documentation is selected, survey comments 
should be explained with sufficient detail to 
aid in the interpretative process. These 
comments should include location of cultural 
interferences, weather and observed geologic 
features. 


Data Reduction 


Field and Office: In most cases very little 
data reduction is necessary when the primary 
purpose of the survey is to observe lateral 
variations rather than absolute conductivity 
values. Due to instrument response, 
calculation of true conductivities requires a 
correction for measured apparent 
conductivities, above 100 millimhos/meter. 
Calculation of resistivity is a relatively 
simple matter. It is obtained by dividing the 
true conductivity by 1000, resulting in unit 
values of ohm-meters. 


Generally a graphic profile or contour map 
depicting apparent conductivity verses 


location is the final data reduction product. 
This can often be performed in the field, if a 
computer is available, or upon return to the 
office. 


Interpretational Process 


The interpretation of spatial variations in 
conductivity values is normally a qualitative 
one. Since we are interested in detecting a 
change from a_ relatively constant 
background, both positive (increases) and 
negative (decreases) in conductivity can be of 
significance with respect to an archeological 
investigation. Survey results from an 
undisturbed area indicating a gentle variation 
in ground conductivity might be expected, if 
no radical change in subsurface composition 
or layering occurs. Where a subsurface 
disturbance is superimposed upon this 
background a positive or negative anomaly 
may be discerned, dependent upon the 
features conductive characteristics. 
Ultimately, as a result of the proper selection 
of survey parameters, pattern recognition or 
signature becomes an important factor in 
determining the archeological significance of 
a detected anomaly. 


Within areas of noisy background 
fluctuations caused by cultural, geologic or 
other circumstances, features of archeological 
interest can easily be obscured. Therefore it 
is important that survey results be integrated 
with all available project information. As is 
evident from previous geophysical method 
discussions, development of a model based 
on field observations and theory would aid 


the interpretative process. 


Conductivity survey results across selected 
sites are often variable. Changes in sub- 
surface moisture are often the cause. Buried, 
conductive metals are most often observed as 


sharp, positive spikes in data sets. 


Electromagnetic terrain conductivity methods 
may replace resistivity methods in 
archeological investigations. Even with the 
relative high cost of EM verses resistivity 
equipment, the time, manpower and accuracy 
differentials favor EM methods. One 
advantage resistivity methods do have over 
conductivity methods is the ability to vary 
electrode spacings. This ability allows the 
investigator to adjust acquisition parameters 
for optimum data recovery. 


Presentation of Results 


Results of non grid conductivity surveys are 
presented as graphic profiles where 
conductivity values are plotted against station 
distances along the profile. High density 
grid data is presented either as shaded 
intensity plots or as iso-apparent conductivity 
contour maps. A narrative describing survey 
parameters, objectives and a discussion of 
results should also be included in the report. 


Special Considerations 


The equipment operator should be 
continually aware of nearby conducting 
features and sources of electromagnetic 
noise. Data should be observed during 
survey activities to ascertain if survey 
objectives are fulfilled with regard to 
anomaly detection. 


Required Expenditures 


Commercially available equipment currently 
(1994) has a cost range of $6,250-21,500. 
Acquisition of a highly recommended data 
logger will require an additional expense of 
$3,500. Cost for a contract two man crew is 
approximately $1,100/day. A normal 
acquisition rate of 1000-2000 stations can be 
maintained over a dense grid area. Data 
reduction and interpretation should be in the 
$5,00/day range. EM equipment can be 
rented at an approximate cost of $30-55 per 
day. Rental of a data logger is also highly 
recommended. They are available at a cost 
of $20 per day. 


Ground Penetrating Radar 
Surveying Methods 


Purpose 


Ground penetrating radar, often referred to 
as GPR, is an active electromagnetic 
subsurface investigative method. Having 
attributes of seismic reflection methods, it is 
used most often in the reflection profiling 
mode for archeological purposes. Its 
operation is based on introduction of a 
relatively low frequency electromagnetic 
signal, generally in the 80-1000 megaHertz 
(mHz, millions of Hertz) range, into the 
ground via a surface contact transmitting 
antenna. As this signal passes through the 
earth it may encounter subsurface materials 
of varying electrical impedances or 
properties. At these electrical interfaces, the 
signal may either be reflected or attenuated, 


being more or less dissipated into the 
material, 


The reflected signal, when detected by a 
receiving antenna at the surface within close 
proximity to the transmitter, can be 
compared to the original input signal. 
Comparison of the signal delay time, 
normally in the 10-4000 nano second range 
(ns, billionths of seconds) is a function of the 
speed or velocity of the signal in the 
subsurface as it passes through the material, 
reflects, and travels back to the receiving 
antenna. The time it takes to do this is 
referred to as two way travel time (TWT) or 
transit time. Observation of the two way 
travel times allows a _ calculation of 
subsurface velocities. Ultimately, if a target 
of known depth is compared to a surveyed 
feature or if an assumed host material 
velocity is utilized, burial depth can be 
determined. 


The magnitude or amplitude, phase (negative 
or positive), and frequency of the received 
signal offers additional information as to the 
nature of the subsurface materials. In many 
instances a strong reflected signal may be 
observed originating from a buried metallic 
object. Undisturbed, layered soil materials 
will generally be observed as horizontally 
orientated radar event interfaces. 


In other cases where the radar signal is 
dissipated into the subsurface as a 
consequence of electrical properties, no 
reflections, or little radar penetration may 
result. 


Limitations 


The variability of subsurface electrical 
properties determine the propagation of radar 
energy through geologic materials. 
Therefore, adverse subsurface conditions 
limit its usefulness on a site specific basis. 
Water saturations and the chemical nature or 
activity generally control the dielectric and 
conductive properties of the materials. High 
conductivity situations will result in 
attenuation and a reduction in signal velocity 
or strength, causing a decrease in depth 
penetration or observable _ reflections. 
Subsurface reflections may be unattainable 
where there is a lack of electrical property 
contrasts. The presence of highly conductive 
clay materials for instance, in concentrations 
of ten percent or more, is probably the 
greatest limiting factor affecting the 
usefulness of the radar method. 


Operating conditions also can affect the 
outcome of a survey. Access to the site and 
interfering obstacles must be accounted f-~. 
Normally, low frequency antennas are 
relatively unshielded and will radiate energy 
in all directions. Therefore above ground 
objects may cause reflections to occur at 
various time-depths equal to the distance the 
radar signal will travel through air to the 
object. These interferences often obscure 
subsurface reflections of interest. Also, due 
to the of the antenna being in contact with 
the surface a rough or bumpy ground surface 
may alter data characteristics. Occasionally, 
when surface conditions are extremely rough, 
the antenna may be slightly elevated above 
the surface on a platform and carried across 


the site. Radar data acquired in this fashion 
will require corrections for addition of the 
intervening air layer above the ground 
surface. Testing to verify the outcome of 
such actions is recommended. 


Applications 


GPR has effectively mapped soil layers, 
depth of bedrock, cavities, voids, rock 
fractures, ice thicknesses, and buried stream 
channels. In engineering and hazardous 
waste environmental studies, it has been 
utilized to locate and delineate areas of 
buried waste materials, contaminant plumes, 
buried utilities and examine concrete 
structures. Archeological uses have included 
examination of burial sites, buried structures, 
detection of metallic objects, and other 
related anthropogenic features. 


Equipment Selection 


Several varieties of radar equipment are 
available, based on surveying requirements. 
The most common in usage today, having 
particular application to archeology, is the 
reflection profiling system. This typical 
ground penetrating radar system consists of 
an antenna, radio wave form control deck, 
graphic plotter and digital magnetic tape 
recorder. Selection of antennas, having 
weighted center frequencies of 80, 100, 120, 
300, 500, 900 and 1000 megaHertz (mHz), 
are utilized dependent upon site conditions 
and survey requirements. Greater depth 
penetration is obtained from lower frequency 
antennas due to generai'Jn of a longer signal 
wavelength than that of the high frequency 


equipment. Because higher frequency 
antennas have shorter signal wavelengths 
they are capable of resolving smaller targets 
or interfaces with greater accuracy. 


Other systems are available which operate in 
more specialized modes such as 
transillumination, common midpoint, and 
wide angle reflection. The usage of these 
modes of operation in archeology is limited. 


Pre-Survey Site Evaluation 


The performance of a ground penetrating 
radar survey requires some thoughtful 
evaluation before entering the field. 
Evaluation of field conditions as to surface 
access must first be referenced. This should 
involve establishing profile line locations to 
avoid obstacles, rough ground surfaces or 
adverse topographic conditions. 


The next phase of the evaluation, perhaps 
more difficult, is to acquire a knowledge of 
the composition of the subsurface materials. 
This can be done through site observation or 
geologic research. If a clay composition or 
high water saturation is suspected, 
abandonment of the survey should be 
considered. 


Finally, if all other factors indicate the 
survey could provide beneficial information, 
target size and depth must be determined. 
This will dictate the profile line spacing, 
survey orientation and antenna frequency. 
Since continuous profiling is performed, 
radar data is acquired over the entire length 
of the survey line, station distances can be 


marked at convenient intervals. Activation 
of a marker signal, which is transferred to 
the graphic record, is performed as the 
antenna passes each surface location mark. 


On-Site Compatibility Testing and 
Equipment Calibration 


Experience has shown, though the pre-survey 
evaluation may indicate poor results, on-site 
testing is highly recommended. The testing 
should include acquiring profiles over known 
targets where burial depths are accurately 
known. Also, this study should include 
using several different frequency antennas. 
Optimum depth penetration verses object 
resolution can be determined. More than one 
antenna may be selected to satisfy overall 
project requirements. After performing these 
field tests, it should be obvious to the 
operator whether or not useful radar 
information is obtainable at the site. 


Where the depths to objects or features are 
not known for calibration purposes, a test 
bed may be constructed. This may consist of 
burying objects at measured depths within a 
suitable location and passing the antennas 
over the surface. This type of test should 
allow the operator to determine the 
applicability of ground penetrating radar to 
the site survey. 


Other calibration requirements involve; 
optimize the time-depth range of the 
instrument in nano seconds, as determined by 
target depth, and adjustment of time varying 
signal enhancement gains. Radar signal loss 
or dissipation increases with depth. Random 


noise also increases with depth, often 
obscuring reflectors of interest. To 
overcome these problems an adjustment to 
the variable gain provides a means of 
enhancing or increasing reflected signal 
strengths from deeper occurring interfaces or 
anomalies. Deeper targets may be observed 
with greater ease through proper gain 
adjustment. 


Data Acquisition 


A site characterization survey using GPR 
provides a continuous cross sectional picture 
or profile of shallow subsurface conditions. 
The generated profile is a graphic plot of 
time in nano seconds on the vertical axis 
verses a corresponding surface location on 
the horizontal axis. In most instances, for 
field surveying purposes, a two man crew 
consisting of an equipment operator and 
antenna handler is required to operate the 
equipment. A survey grid of parallel lines 
may be established across the site with line 
interval spacings of five to ten feet (1.5-3.0 
meters). Along each profile line, location 
marks can be situated at convenient station 
intervals, generally on the order of five feet 
(1.5 meters). The antenna handler actuates 
a location marker switch as the center of the 
antenna passes over each station location. 
The actuation of this antenna switch puts a 
corresponding fiducial mark on the radar 
graphic plot for reference with surface 
locations. As the radar antenna is moved 
across the land surface electromagnetic 
energy is radiated downward into the 
subsurface at a selected rate of 25.6 radar 
scans per second. A receiving antenna, 


commonly incorporated with the transmitting 
antenna, receives radar signals reflected back 
from lithologic or anomalous variations 
found in the subsurface. The data will most 
often be displayed in the field on a graphic 
plotter. The responses may also be recorded 
to magnetic tape for future computer 
analysis. The equipment operator will 
normally make notations on the graphic plot 
describing line location, time depth range in 
nano seconds, antenna frequency, direction 
of movement, horizontal scale, and any other 
pertinent information. This may include 
geologic information, surface conditions, 
interferences, and location of archeological 
features. 


Electromagnetic responses are generated at 
the interfaces of materials having different 
electrical properties. Reflections, or their 
absence, can often be related to natural 
hydrogeologic conditions, such as bedding 
planes, mineral cementation, moisture 
changes, clay content, voids, fractures, and 
intrusions. Man made objects or 
disturbances may also be observed in the 
subsurface as well. Often field data may be 
processed and enhanced prior to 
interpretation by computer processing. 


The nature of the GPR method offers a 
number of advantages over other geophysical 
methods. The continuous vertical profiling 
produced by GPR permits rapid data 
gathering along a traverse line with excellent 
detail. The rapid data collection allows for 
the possibility of cost effective total site 
coverage. In some cases, the antenna can be 
towed behind a vehicle at speeds up to 10 


MPH (16 kilometers per hour). In areas 
requiring high resolution or places having 
difficult topography, the antenna can be 
towed by hand. Subsurface resolution, 
dependent on antenna frequency input, 
ranges from centimeters to several meters. 


Field Data Documentation 


As the antenna is moved along the profile a 
location marker button is actuated at selected 
footage distances by the antenna operator. 
This mark is transferred to the graphic output 
strip chart electronically. The instrument 
operator will normally mark these locations 
with proper footage or meters, also 
indicating any observable interferences or 
site related information. Since the interpreter 
will examine each recorded profile, these 
annotations are extremely important. They 
can include location of: cultural features, 
vegetation, topographic or soil changes, 
geologic information and archeological 
features. Additionally, all data 
characteristics such as range in nano seconds, 
antenna frequency, direction of travel, 
horizontal scale, line orientation, starting and 
ending points, and an estimation of applied 
signal gains can be annotated on each graphic 
profile. 


As the interpreted information will most 
likely be transferred to a site map, line, 
footage (meters) or station location, and 
direction must be accurately recorded. Also, 
all recording parameters such as antenna 
frequency, time-depth and horizontal output 
scales should be provided. 


Data Reduction 


Generally, with the exception of performing 
computer color enhancement and filtering of 
data, in the office, little data reduction is 
required. The most obvious data reduction 
involves conversion of the nano second time 
scale to an apparent depth in footage or 
meters. Since penetration is dependent upon 
material properties, knowledge of radar 
signal propagation in soil materials is 
helpful. The preferable method, and 
probably the most site specific, easily 
obtainable depth information, can be 
determined by comparison of detected 
features with known test target information. 
A second method involves, if the nature of 
geologic materials at the site are well known, 
comparison with calculated standardized 
radar velocities obtained from geologic 
material tables. The velocity of a radar 
signal in air is 1 nano second per foot (0.3 
ns/meter), dry sand 2-2.4 ns/ft (6.1-7.3 
ns/m), wet sand 5.5 ns/ft (16.6 ns/m), and 
saturated clay 2.8-3.3 ns/ft (8.5-10 ns/m). 
Utilizing these numbers and others, a rough 
estimate of depth can be determined. A 
listing of additional radar velocities is 
provided for review in Appendix D. A third 
method involves a mathematical calculation, 
if the dielectric properties of the materials 
can be determined. 


Interpretational Process 


Data analysis involves examination of all 4he 
graphic profiles, individually and 
collectively. Experience is the key factor in 
the interpretative phase. Numerous changes 


are often observable along profiles at various 
time-depths. Variations in signal amplitude, 
phase and frequency, either subtle or 
obvious, must be accounted for, Often the 
uninitiated will view the profile as a geologic 
cross section. Realization that this is not the 
fact is a first step in understanding the data 
set. The features observed are changes in 
electrical properties, they may coincide with 
local geology and then again, they may not. 
In many cases the primary observable 
changes in data character may be related to 
water saturation where geology remains 


unchanged. 


Normally, interpretation involves observation 
of anomalies within generally flat or 
horizontally layered radar interface events. 
Plotting of these features from profile to 
profile may allow recognition of 
archeological related features. Since 
archeological features often affect water 
saturation in the subsurface or may be of 
significantly different composition of the host 
material, they may be excellent radar targets, 
if subsurface conditions permit observation 
of contrasts. Overall, the general approach 
is to observe anomalies from the normal 
background data. To aid this process, 
ground truthing or excavation of observed 
features is highly recommended as the survey 
progresses. 


Computer enhancement and processing 
during the interpretative phase is most useful 
where subtle features are to be examined. In 
cases where features are rather obvious no 
computer processing is recommended. 
Several radar profiles exhibiting typical radar 


responses to subsurface features are provided 
in Appendix D. 


Presentation of Results 


Results are often presented in the form of 
graphic strip chart plots. Remembering these 
are often the actual field plots, they may be 
in relatively poor condition. Where data is 
acquired on magnetic tape (recommended), 
plots can be regenerated at different scales or 
input to the computer for signal enhancement 
and display in color formats. A narrative 
describing survey procedures, maps depicting 
detected anomalies and annotated profiles 
should be supplied, probably within a month 


or so after completion of the field survey. 
Special Considerations 


Transmission of microwave energy (radar) 
has been designated a long term health 
hazard in certain instances. Otherwise other 
considerations involve keeping the antenna 
off the cable while surveying, being aware of 
cultural features, particularly power 
transmission lines, and while utilizing an 
unshielded antenna, observing reflections due 
to nearby, above ground features. It is 
difficult to negate or filter the effects of 
electrical or static interferences caused by 
radios or microwave towers. 


Required Expenditures 


Radar surveying is most certainly one of the 
more expensive geophysical methods having 
archeological applications. Instrumentation 


costs range between $22,000 to $80,000 for 
a profiling system. Systems are available for 
rent in the $200/day range, when they are 
available, and require additional 
mobilization/demobilization and shipping 
costs, 


Since radar is a relatively new geophysical 
phenomenon it can be difficult finding 
experienced contractors. A normal cost for 
a two man field crew ranges between $1375- 
$1,650 per day. Dependent upon field 
access and survey requirements as little as 
1000 linear feet (325 linear meters) may be 
collected in a day. Under excellent 
acquisition conditions 5-10 miles (8-16 
kilometers) of data have been acquired in 
more exploratory situations towing the 
antenna behind a vehicle. Calculation of 
interpretation expenses is often difficult due 
to the complexity and volume of data. 
Generally a fee of $350-550 per office day 
can be expected with the high end including 
some computer processing. Generally two 
days of interpretation time is allocated for 
each day spent in the field. 


Ground penetrating radar is an extremely 
useful archeological investigative method, 
where subsurface conditions permit its usage. 
Its relative shallow investigative depth, high 
resolution, sensitivity to soil disturbances, 
and in most instances, ease of data 
acquisition overshadow its relatively high 
cost. 


Metal Detectors: Where Do They Fit, 


Numerous varieties of metal detectors, 
developed primarily for the treasure hunter 
or utility locating professionals, are 
available. Their construction or operational 
configurations are similar in nature to 
electromagnetic or magnetic geophysical 
instruments. The ability of equipment to 
locate iron or metallic objects within the 
upper few feet of the surface, relative simple 
mode of operation, and inexpensive nature 
offer the archeologist a limited but useful 
investigative tool, 


Utilization of a detector in combination with 
other more sophisticated survey methods has 
often proved invaluable. Its usefulness may 
be realized not so much in identifying 
significant archeological features, though it is 
not unheard of, but more for determining 
shallow geophysical survey interferences 
related to recent cultural activities. An 
informal or more formal grid metal detector 
search can be quickly performed across a site 
during the initial visual site inspection. It is 
a highly recommended procedure. Whereas, 
most professional exploration geophysicists 
consider the metal detector quasi geophysical 
equipment, its usefulness to engineering or 
environmental geophysical investigators is 
apparent. 


Limitations 


Electromagnetic and magnetic detectors are 
generally useful only for investigation of the 
upper few feet of the surface, Nearly all 
systems provide an audible tone indicator 
either transmitted to headphones or to an 
external loud speaker as a qualitative 
measurement of the presence of a metallic 
Object. Newer instruments are configured to 
provide a visible absolute or relative scale of 
signal amplitude. Due to instrument 
configurations, the field or area of 
investigation of individual detectors can vary, 
thus affecting instrument sensitivity and 
consequently discrimination of object size 
and depth of burial. In some cases, a small 
shallow object may produce the same 
instrument response as a larger deeper buried 
object. All instruments are subject to signal 
recognition interferences due to any nearby 
metallic objects. 


Applications 


Metal detectors are useful for identification 
of metallic objects within a few feet of the 
surface. Electromagnetic varieties are 
generally capable of detecting all conductive 
metals. They are configured with a radio 
transmitter-receiver coil arrangement similar 
to an EM terrain conductivity meter. 
Magnetic locators are configured in the form 
of a vertical gradient magnetometer or 
gradiometer. They are only capable of 
detecting iron objects. Besides utilization by 
treasure hunters, very sophisticated alkali- 
vapor detectors are currently employed for 
military ordinance locating. Other less 


sophisticated systems are used for utility 
locating and hazardous waste receptacle 
identification, 


Equipment Selection 


Essentially three (coil head, two box, and 
magnetic) types of equipment are available. 
Electromagnetic models are configured as 
two box or coil head, sensor systems. The 
two box consists of a three foot 
(approximately one meter) long rod fitted 
with a transmitter on one end and receiver 
box on the other. This system is sling 
carried several inches above and level to the 
ground surface. Movement out of level due 
to surface topography will produce an 
instrument response. Depth and area of 
investigation is about three feet. Due to this 
relatively large area, the sensitivity of the 
instrument is relatively poor. All conductive 
metal should produce an instrument response 
within the two box system. 


The coil system consists of a control box 
situated on the end of a four foot long rod. 
At the opposite end, a thin dish shaped 
sensor head is positioned one inch above and 
parallel with the ground surface. Many of 
the coil systems offer interchangeable sensor 
heads of various diameters. Larger diameter 
heads are capable of greater depths of 
investigations normally in the 24 inch (60 
centimeter) range. These instruments are 
designed with a radio transmitter located in 
the central area of the circular sensor head. 
The receiving element is located around the 
outside edge of the sensor head. These 
instruments are marketed primarily to 


treasure hunters for both land and underwater 
applications. Many have options for setting 
instrument sensitivities to selectively examine 
for all or individual metals based on 
electrical conductance. 


Magnetic configured devices are somewhat 
similar to magnetic gradiometers. Two 
magnetic sensors are stacked vertically, 
normally within 18 inches of each other. 
Both sensors will detect a buried iron object 
as the instrument passes over. The lower 
sensor will produce a greater response due to 
its closer proximity to the object than the 
upper one. If the object is small, the upper 
sensor may not respond to it at all. The 
cumulative electrical potentials generated at 
each sensor produce an audible instrument 
response. The instrument will respond to 
either the mono or dipole magnetic field 
configuration signature of an anomaly. This 
type of detector is very sensitive to iron 
objects only, to depths of eight feet. 
Partially oxidized iron will also cause a 
response in most instances. 


Occasionally, some metal detector 
instruments may respond to nonmetallic 
buried features such as an excavation or 
material having a significant composition 
change from the host material. This may be 
detected as a tonal change in the instrument 
response. Excavation is recommended at 
several of (hese anomalies to determine their 
significance. 


Pre-Survey Site Evaluation 


No evaluation is necessary as this method is 
considered a cursory sile screening 
technique. Knowledge of cultural related 
interferences such as utilities would be 


helpful. 


On-Site Compatibility Testing and 
Equipment Calibration 


No site testing is normally performed, but an 
equipment calibration is recommended to 
determine the effectiveness of the metal 
detector. This is best performed by passing 
the instrument over known buried objects to 


acquire a knowledge of equipment response. 
Data Acquisition 


A metal detector search should be conducted 
in a systematic manner. Object size, depth 
of burial and metallic characteristics will 
dictate search sweep radii and type of 
instrumentation, electromagnetic or 
magnetic. If a survey grid is established, the 
detector may be walked along each line 
extending or swing the instrument back and 
forth over a comfortable distance in front of 
the operator. In unmarked areas, the 
operator may search utilizing a paced grid, 
observing or lining up with some distant site 
features to stay on line. Since no survey 
recording is performed, nonmetallic markers 
can be dropped at instrument response 
locations for later documentation or more 


detailed examination. 


Field Data Documentation 


Upon completion of the metal detector 
sweep, location of instrument responses 
should be surveyed into the site plan, 
Plotting of this information and incorporation 
into other geophysical data sets is considered 
a recommended procedure. 


Data Reduction 


No data reduction is performed due to the 
nature of the survey. 


Interpretationa! Process 


Survey results are most appropriately 
examined in the field upon survey completion 
and plotting of the observed anomalies. 
Interpretation of the detected features can 
only be attempted after ground truthing or 
excavation of a significant number of 
anomalies is performed. 


Presentation of Results 


Results are normally presented in site map 
form. 


Special Consideration 


While utilizing magnetic or two box metal 
detectors, the operator should be clean of 
iron or metallic objects. Two box and coil 
sensors must be held level with the ground 
surface at a prescribed elevation above the 
ground, 


Required Expenditures 


The performance of a metal detection survey 
is highly recommended for all suitable 
archeological sites. Its ability to define 
possible areas of interest or identify more 
recent cultural interferences make it a 
worthwhile stand alone endeavor. When 
used in combination with other surveys, it 
also provides easily acquired, useful 
information. Basic instrumentation having 
archeological possibilities can be purchased 
for $250 to $2,000. More sophisticated high 
resolution equipment, such as utilized in 
ordnance detection, will cost approximately 
$17,000. Rental of metal detectors are 
possible at a rate of $10 per day. 
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MARINE OR SUBMERGED 
GEOPHYSICAL CONSIDERATIONS 


CHAPTER § 


Several geophysical methods can effectively 
be used to investigate submerged sites. 
Acoustic and magnetic surveying, primarily 
developed for military, exploration and 
engineering purposes, have been utilized to 
discover and investigate numerous shipwreck 
sites, as well as, submerged engineered 
structures in both fresh and salt water 
environments. Ground penetrating radar, 
useful in freshwater (but not salty or brackish 
waters due to high signal attenuation factors), 
has seen experimental sage in relatively 
shallow freshwater situations. Gravity 
surveys have been performed over large 
ocean areas for mineral exploration purposes. 


Useful acoustic methods evolving from early 
1960's work, consist primarily of side scan 
sonar, tuned transducer, color fathometer and 
slightly lower frequency, sub bottom 
profiler. Side scan sonar emits and receives 
reflected high frequency acoustic pulses in 
the 50-500 kilo Hertz (kHz) range from 
targets across the sea floor. It produces a 
chart recorder image approaching aerial 


photography in detail and coverage out to 
distances of one kilometer. Sub bottom 


profilers and other fathometer systems 
operate very similarly to side scan with 
respect to source and receiver. They are 
different in that they use of lower frequency 
energy transmissions, in the 5-50 kHz range, 
and downward signal beaming to reflect off 
or penetrate the seabed. 


In operation a tow fish is pulled behind the 
support ship at a prescribed depth, dependent 
upon bottom topography and surface sea 
conditions. Loran navigational information 
is normally printed to the chart for 
positioning. For lake bed searches, smaller 
remote control systems are available, or a 
side scan fish can be towed behind an 
inflatable boat. Overall, side scan sonar has 
proven to be useful for shipwreck 
identification, investigation of ancient 
submerged harbors and engineering 
purposes. 


Sub-bottom profiling methods are performed 
with lower frequency acoustic transducers, 
and acoustic sources called sparkers or 
boomers. The lower frequency, longer 
wavelength signal is capable of penetrating 
the bottom sediments to depths of 50 feet to 
provide a shallow high resolution sea floor 
cross-section. These systems are primarily 
utilized in sea floor hazard studies and other 
engineering applications. Whereas, all these 
methods utilize an acoustic source and 
receiver system, they should not be confused 
with or lumped together with conventual 
seismic reflection or refraction methods. 


Magnetic surveying is performed in a 
systematic manner similar to a land survey. 
Since perturbations in the total geomagnetic 
field are sought, similar anomalies should be 
observable in a water environment. 
Generally fluxgate or  alkali-vapor 
magnetometers are utilized to provide 
continuous profiling capabilities, over the 
area of interest. The magnetometer can be 
deployed either by ship or aircraft. Magnetic 
surveys have been primarily used to detect 
shipwrecks, active submarines and other 
military targets or supplement marine seismic 
surveys. Most marine surveys are conducted 
with a two sensor gradiometer system since 
temporal variation corrections require a 
stationary magnetic base station. Also, since 
the ship is generally magnetic, the sensor is 
towed hundreds of meters behind the ship. 
With the advent of global positioning systems 
capable of providing necessary navigational 
information, nearly all large scale marine 
magnetic surveys are performed by airborne 
methods. 


In extremely shallow water situations, 
magnetic surveying can be performed 
walking the instrument along grid lines just 
as if it where a land survey. Also, several 
somewhat waterproof coil head or magnetic 
metal detectors can be utilized to identify 


submerged iron objects. 


The usage of ground penetrating radar in 
shallow freshwater to approximate depths of 
25 feet (7.6 meters), is possible. Since 
freshwater generally exhibits a low 
conductivity, radar energy will penetrate 
freshwater to various depths, dependent upon 
antenna frequency. Also, dependent upon 
the electrical characteristics of the bottom 
sediments, sub bottom penetration may be 
observed. The survey profiling is often 
performed by placing the antenna on the 
floor of an inflatable raft. Pulling or towing 
the raft across the water body on a grid 
system is possible. The application of 
freshwater radar to engineering related bridge 
scour surveys, location of submerged 
military targets and as a method of counting 
fish are recent innovative instrument 
utilizations. The penetration capabilities of 
radar in the freshwater environment offers 
the archeologist an excellent exploratory 
method for investigating submerged sites. 
To date, its usage for such work has not been 
reported. A figure provided in Appendix D 
exhibits a recent radar profile acquired in | 
to 10 feet (0.3-3.0 meters) of water for 
observation of bridge scour phenomena. 


GEOPHYSICAL METHODS HAVING 
LIMITED ARCHEOLOGICAL 
APPLICATIONS 


CHAPTER 6 


Previous discussions have concerned those 
geophysical methods believed to be most 
useful for archeological investigations. 
Cursory familiarization with several other 
available surveying methods is worthwhile 
for those extremely specialized cases. The 
order of presentation and discussion length 
indicate the perceived usefulness for 
archeological purposes. 


Acoustic Surveys: Informative Discussion 


Seismic Reflection and Refraction 
Methods 


The seismic method involves the gathering of 
high resolution acoustic refraction or 
reflective data. The data collected, when 
computer processed and interpreted correctly , 
can be used to define natural geologic 
conditions including thickness and depth of 
soil and rock layers, their physical properties 
and composition, and depth to the water table 


or bedrock. Additionally, high resolution 
seismic methods sometimes allows for the 
detection of anomalous features, such as pits 
and trenches, and for evaluation of the depth 
of burial sites or landfills. 


The transmission of seismic (acoustic) waves 
in the subsurface are dependent upon soil and 
rock lithologies. Velocities of the seismic 
waves change as they are reflected and 
refracted at interfaces between lithologic 
layers. These changes affect the travel path 
of the waves and consequently determine the 
travel times of the seismic waves through the 
rock or soil medium. Soil and rock materials 
may exhibit acoustic velocities of 500-25000 
ft./sec. (150-7575 m/sec.) and are primarily 
dependent upon density properties. Often, 
the velocities observed for many rock types 
overlap, providing non-unique interpretative 
solutions. 


The generation of a source wave and the 
subsequent detection of the transmitted wave 
by an array of geophones, laid out on the 
surface allows, for a_ travel time 
measurement. This time signal measurement 
is displayed and recorded on a seismographic 
instrument. The interpretation of this data 
allows for the resolution of the h\ lrogeologic 
subsurface conditions beneath ( . study area. 


The seismograph is an instrument which 
electronically amplifies and displays the 
received seismic signal from the geophone. 
The displayed information may be on a 
cathode ray tube, strip chart, photographic 
paper or magnetic tape. The measurement 
and identification of the arrival times at each 
geophone location of the reflected or 
refracted acoustic wave from the seismic 
source is obtained from this presentation. 
The time is measured in milliseconds, with 
zero time or start of trace initiated by the 
source, providing a trigger signal to the 
seismograph. 


The seismic line is centered over the study 
area and overall length is usually three to 
five times the maximum depth of interest. 
Resolution of the data collected is determined 
by the geophone spacing, shot location, the 
number of active seismograph channels and 
the signal sampling rate of the instruments. 
Close geophone spacings and shot intervals 
are required for high resolution of shallow 
geologic sections. Travel time may be 
plotted against source to geophone distances 
producing a time/distance plot. Computer 
processing is necessary to enhance the 
collected seismic data by noise cancellation 


and data stacking techniques such that a 
representative synthetic geologic cross 
section can be produced. This section is 
useful in determining the location of geologic 
anomalies, man-made features, placement of 
monitoring core hole and reclamation 
devices. 


The depth of subsurface investigation of the 
seismic method can be varied drastically. 
The placement of the geophones on the 
surface, characteristics of the energy source 
and so called listening time (time spent 
recording the returning seismic signal) all 
control the depth of investigation. In many 
cases, penetration usually on the order of 100 
feet (30.5 meters) is suitable for most site 
studies. In some instances, depths of several 
hundred to thousands of feet (meters) may be 
required for successful site characterization. 
High resolution seismic reflection methods 
require large expenditures in the range of 
$35,000 per mile ($19,000 per kilometer). 


Seismic refraction techniques usually involve 
investigation of the shallow subsurface 
groundwater or bedrock interfaces and may 
have limited archeological applications. Data 
acquisition is relatively easy, often utilizing 
a sledge hammer and striking plate as an 
acoustic source. Geophones may be placed 
at 10-20 foot (3-6 meter) intervals over a 
distance of 120-240 feet (40-60 meters) 
employing a twelve channel or geophone 
array seismograph system. Interpretation and 
processing of the data involves examination 
first arrival time acoustic signals verses 
distance to each geophone over the geophone 
array spread length. In the best 


circumstances a velocity can be calculated for 
each observed geologic layer change, 
subseque itly allowing a useful depth of 
burial determination, 


The cost of seismic refraction equipment is 
dependent upon equipment sophistication. 
Twelve channel exploration equipment may 
be purchased for $10,000-$20,000. 
Generally, a survey can be performed by a 
two man contract crew at a cost of $2.20 
dollars per linear foot ($6.70 per linear 
meter). Data interpretation often involves 
computer plotting and manipulation of data 
sets. Daily interpretation fees of $400 to 
$550 can be expected. 


Shear Wave Seismic Methods 


A shear wave acoustic source verses 
employment of a compressional acoustic 
source differentiates this method from normal 
seismic reflection or refraction surveying. It 
is almost exclusively utilized in soil 
engineering investigations to determine shear 
strengths of soil materials for construction 
purposes. 


Acoustic Emissions 


Sub-audible sound waves are generated by 
the release of elastic strain energy within 
earthen structures such as dams slope 
embankments, and foundation walls. These 
sounds can be measured by an acoustic 
emission monitor and transducer. 


A count of sound events is generally 
tabulated each minute. An increase in the 


number of events observed per unit time can 
be an indication of increasing structural 
instability. 


Other Electrical/Electromagnetic 
Surveying Methods 


A variety of other electrical/electromagnetic 
methods exist that are utilized for geological 
exploration. Several are passive techniques, 
while others rely on active signal 
transmission techniques. All provide a 
measure of resistivity, conductivity or some 
other electrically related resultant 
phenomena. A short description of each 
follows. 


Induced Polarization (IP) is an active 
method. Application of an electrical current 
into the subsurface is used to determine 
electrical and polarization properties of 
materials. It is similar to resistivity methods. 
A measurement of the capacity of the 
subsurface to be electrically charged or 
polarized with respect to time, frequency, 
and phase shift is observed. The time 
duration to return to a natural or neutral state 
after cessation of the electrical charge 
measures a characteristic physical property. 
Also, the over voltage required to achieve 
charging or polarization can be measured. 
Experimentation with IP for archeological 
investigations has been performed in the 
1970's. Equipment _ requirements, 
interpretive processes, and survey time 
allocations limited its application to site 
investigations. 


Magnetotellurics (MT) is both a passive 
(MT) and (controlled source, CSMT) active 
geophysical method. It provides a 
measurement of resistiviiy and phase or 
apparent impedance of subsurface materials. 
It is useful in geologic basin analysis and 
geothermal exploration. 


Very Low Frequency (VLF) radio 
transmissions from various world wide 
military installations provide a source. The 
instrument detects anomalous _ vertical 
magnetic field components caused by source 
signal interaction with subsurface conductors. 
It is primarily utilized for geologic 
reconnaissance. VLF instruments can 
provide information pertaining to 
approximate location and type of conductors 
in the subsurface to depths of 200-300 feet 
(66-98 meters). 


Time Domain Electromagnetic Method 
(TDEM) is an active method. The method 
provides a sample of the decay curve 
produced in a receiving coil by resultant eddy 
currents in the subsurface. It provides a 
measurement of electrical conductivity, for 
identification of mineralization, shear zones, 
zones of brine or salt water, waste 
contamination and surficial conductors. 


Borehole and Tomographic Surveying 


Exploration for hydrocarbons is the major 
impetus in the development of borehole 
geophysical methods. With the development 
of resistivity surveying tool by the French in 
the 1920's, and more recently development 


of borehole radar instruments, all classical, 
as well as, non classical methods have been 
adopted to borehole investigations. To date, 
these methods have not only been utilized in 


mineral exploration, but are finding 
widespread usage in the environmental and 
engineering sectors. Since borehole 
investigations are generally related to and 
have been developed for deeper geologic 
investigations, its usefulness in shallow 
archeological investigations is very limited. 
One significant usage of borehole techniques, 
which may have some significance to 
archeology, has been the radar and acoustic 
tomographic studies performed to locate 
tunnels and subsurface voids. Tomographic 
geophysical investigations, likened to a 
medical Cat scan, are performed from 
borehole to surface or borehole to borehole. 
This investigative method can provide a cross 
sectional image of the subsurface material 
between boreholes. Borehole tomography is 
a recent geophysical development. Method 
development and resultant increases in 
subsurface resolution may offer the 
archeologist an important, new subsurface 
investigation tool for deeply buried features. 
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QUALITY CONTROL 


CHAPTER 7 


Purpose 


The performance of an archeological related 
geophysical survey is certainly of great 
importance to our cultural heritage and site 
investigators. Comparing it to a civil 
engineering or hazardous waste related 
geophysical investigation, though, where 
public safety is of concern, the rigors of 
survey performance may be somewhat more 
relaxed. Nevertheless, a quality control or 
assurance plan should be established. It 
should provide a description of task 
objectives, prescribe acceptable methods to 
satisfy the objectives and offer guidelines for 
reporting of conclusions. A standardization 
of these criteria, on a project basis, will 
assure presented conclusions are reasonable 
and will survive future scrutiny. 


Equipment 


Electronic geophysical equipment, subject to 
field and travel related abuse, is prone to 
mechanical, electronic failures and related 


problems. All equipment, when supplied by 
the manufacturer, is calibrated to some sort 
of nationally or professionally accepted 
calibration standard. Equipment calibration 
divergence often occurs as instruments age, 
such that quality control procedures become 
very important. The geophysicist must 
address this fact of life. A knowledgeable 
surveyor will often perform field calibrations 
consisting of electronic testing of the 
equipment or performing test surveys against 
known targets. Often, total equipment 
failure requires calibration by the 
manufacture. It is often possible to continue 
with a survey even when the instrument is 
known to be out of calibration. Equipment 
quality control is not so much related to 
absolute calibration, but realization of how 
poor calibration may affect the survey. 


Personnel 


The complexity of the project should dictate 
the level of education and experience 
necessary to perform a geophysical survey. 


Where a single method of investigation is 
proposed for an archeological site, a 
geophysicist specializing in that method 
should be considered. Where multiple 
surveys are scheduled, an organization 
providing a variety of expertise may be a 
good choice. Field acquisition personnel 
may be less experienced as long as a project 
manager having a proper level of experience 
is present. 


Field Oversight 


On-site project management is an important 
quality control requirement. Oversight 
individuals should include the geophysical 
project manager and the principal site 
investigator. While in the field these 
individuals will provide an ongoing 
assessment of operations to assure all project 
objectives are achieved. 


Record Requirements 


A geophysical project file will be generated 
over the life of the investigation. Depending 
upon the sophistication of the project, it may 
include the following: 

l. Description of Project Objectives. 

2. Investigation Plan. 

3. Information of Other Investigations. 


4, Description of Daily Activities. 


5. Field Reports and Administrative 


Records. 

6. Original Field Data with Preliminary 
Analyses. 

7. Formal Data Analyses and 
Evaluations. 


8. Site Maps, Geophysical Profiles and 
Maps. 


58 


ADMINISTRATIVE REQUIREMENTS 


CHAPTER 8 


Project administration often requires a daily 
review of activities to assure that quality, as 
well as cost controls are maintained. This is 
especially important when a survey and 
interpretation are preferred on a cost plus 
basis. Typical information may include daily 
report of field activity, budgeting, equipment 
usage and time allocations. 


Field Activity Records 


A daily journal of field activities performed 
on-site, kept by the investigator or operator, 
is highly recommended. This may include 
descriptions of changes to the geophysical 
survey, listings of personnel and visitors to 
the site, and a general assessment of survey 
performance and progression. 


Budget Reconciliation 


Submission of a daily record of survey 
expenses may be a requirement for extended 
projects. Expenses related to equipment 
purchases and rentals, subcontractor services, 
such as land surveyors, subsistence 


requirements, equipment shipping and wages 
of personnel may be reported. 


Equipment Usage 


A log of geophysical equipment usage should 
be maintained. Information concerning 
equipment operating hours, serial numbers, 
calibrations performed and notation of known 
deficiencies and associated corrective actions 
are normal reporting requirements. 


Time Allocations 


As a final administrative function a project 
related time allocation log can be maintained 
over the survey period. Since much of the 
expense of a survey is primarily labor 
related, this is an excellent method of 
determining proper utilization of manpower. 
Adherence to a predetermined survey 
schedule is often a difficult task, even in the 
best of circumstances. Tracking of time 
expenditures will indicate survey problem 
areas requiring corrective actions. 
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ACQUISITION RECORDS 


CHAPTER 9 


Original Data Sets 


Knowledgeable archeological investigators 
are very familiar with time, effort and 
expense required to conduct field operations. 
Geophysical operations are performed under 
similar circumstances. Since much of the 
acquired geophysical field data is unique, it 
must be considered irreplaceable since 
budgets and time constraints are often 
limited. 


All hard copy data including field data 
sheets, graphic paper records, as produced in 
seismic and ground penetrating radar 
surveys, observer field notes, supporting 
information and data listings as acquired in a 
magnetic or terrain conductivity survey 
should be appropriately labeled, catalogued 
and stored carefully. Misplacement or loss 
of even a small portion of data information 
can render an entire survey useless. As an 
example, if one magnetic profile line is 
dropped from a grid survey and not 
accounted for, inaccurate anomaly location 
will occur, from that point onward. 


Excavation on a poorly located feature may 
discredit the use of geophysical methods on 
that site in the future. 


As a precaution, copying of all data sets 
should be performed as soon as possible. 
This can be done in the field for computer 
listings, if a printer is available, or upon 
return to the office. Reproduction of certain 
graphic records such as graphic GPR data, is 
well worth the expense. If original data is to 
be forwarded, a transmittal letter should 
accompany the information. 


Data Storage 


Upon project completion, either the 
archeological investigator or the geophysical 
contractor should store the data for an 
appropriate time period, usually over the 
duration of the project. Often graphic paper 
outputs will deteriorate over time and may 
require special handling. Even magnetic 
tapes when stored under ideal conditions will 
skew, possibility losing bits of information. 
If storage requirements are to be lengthy, 


transfer to computer optical disk or 
reproducible film is highly recommended. 
This information should be appropriately 
catalogued for future reference. 


PROJECT PLANNING 
REQUIREMENTS 


CHAPTER 10 


A compilation of project planning guidelines 
follows. Before a survey is to be attempted 
or contractor bids are sought, archeological 
investigators should possess a working 
knowledge of these factors. 


Overall Statement of Project Objectives: 
Task Definition 


° Review of available site information 
to provide a descriptive assessment of 
site: 


Surface: location, area extent, 
access, climate. 


Subsurface: soil type, ground 
water, geology. 


° Consideration of Site Specific 


Conditions: 
Cultural: sources of 
geophysical noise. 


Vegetation and other surface 
obstructions. 


Site access clearances, 
ownership. 


Insurance Requirements. 


Coordination of investigator 
activities. 


Time constraints. 


Integration of Additional 
Investigations: 


Geophysical. 


Excavation. 


Aerial Surveys. 


Probability of Success: 


Target size and depth. 


Survey method accuracy, 


Proposed survey methods and 
survey locations. 


Quality assurance definition. 


Formulation of the Survey Plan: Getting 
Started 


Whether the geophysical survey is to be 
performed by a contractor or by the 
archeological investigators, a preliminary 
survey plan is required. If a well thought out 
plan is supplied to the contractor, it will 
indicate the archeologist is familiar with 
geophysical methods. Thus, much of the 
superfluous communication can be eliminated 
from the contractor's proposal. Elements of 
the plan should address the following: 


° Previews of proposed operations and 
scheduling. 


Provision for a base map, plot plan or 
air photos. 


Proposed survey configuration, 


Establishment of surface locating 
requirements. 


Requirements for equipment and 
procedural checks. 


Data acquisition and 
adjustment discussion. 


survey 
Data reduction: field and office 
requirements. 

Quality assurance and inspection. 


Presentation of findings, upon survey 
completion. 


64 


TECHNICAL REVIEW 


CHAPTER 11 


The ability to technically review the 
correctness of a geophysical survey requires 
education and experience. In the 
archeological context however, ground 
truthing will more likely determine, at least 
in the archeologist's mind, survey technical 
merits. 


The technical review should be performed on 
a total project basis. Review of the proposal 
should indicate a clear understanding of: 
project objectives, tasks required to satisfy 


the objectives and desired results. Field data 
and procedures are reviewed for quality, 
documentation and calibration requirements. 
Interpretational review includes observation 
of acceptable data reduction techniques, 
computational accuracy, and integration of 
pertinent information. The final report 
should be reviewed for professionalism, 
accuracy and presentation of clearly 
understandable objectives, equipment and 
procedural descriptions, findings and 
recommendations. 
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CONCLUDING REMARKS: THE 
PERFECT SURVEY 


CHAPTER 12 


From the point of view of the geophysicist, 
the requirements for a perfect survey would 
consist of: 


l. The Client: providing an absolutely 
clear understanding of desired results. 


2. The Site: low noise, high contrast 
targets, and easy access. 


3. Acquisition: the ability to acquire 
unlimited data sets utilizing all site- 
applicable methods. 


4. Ground Truth: an instant capability to 
excavate all detected anomalies. 


5. Time: sufficient allocation of 
interpretive time to analyze all data 
consequences, plus two weeks. 


Reality dictates that these are highly unlikely 
occurrences. On occasion, a site or project 
may exhibit one of these luxuries but rarely 
two or more. 


The presentation of these methods applicable 
to archeological investigations will hopefully 
enlighten interested individuals. 
Understanding the capabilities and 


complexities of geophysical surveying can 
only be realized by having access to 
geophysical equipment and working with a 
knowledgeable geophysicist. 
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GLOSSARY OF TERMS 


APPENDIX A: 


A 


ACCELEROMETER - A geophone whose output is proportional to acceleration. A moving 
coil geophone, for example, with a response proportional to frequency (as may be 
the case below the natural frequency) may operate as an accelerometer. 


ACOUSTIC LOGGING - A borehole logging survey which will display any of several 
aspects of acoustic-wave propagation, i.e., a sonic, amplitude, character or 3-D 
log. 


AMPLITUDE - The size of a signal, either in the ground or after amplification. Usually 
measured from the zero or rest position to a maximum excursion. The amplitude 
of a signal has units based on velocity (in/sec) or displacement (in). 


ANALOG - (1) A continuous physical variable (such as voltage or rotation) which bears a 
direct linear relationship to another variable (such as earth motion) so that one is 
proportional to the other. (2) Continuous as opposed to discrete or digital. 


ANOMALY - A deviation from uniformity in physical properties, often or 
exploration interest. For example, a travel time anomaly, Bouger anomaly, free- 


air anomaly. 


APPARENT VELOCITY - (1) The velocity with which a wavefront registers on a line of 
geophones. (2) The inverse slope of a time-distance curve. 


ARCHEOGEOPHYSICS - Prospection in European terms, usage of geophysical methods to 
evaluate an archeological site. 


BASEMENT - (1) Complex, generally of igneous and metamorphic rocks overlain unconformably 
by sedimentary strata. (2) Crustal layer beneath a sedimentary layer and above the Mohorovicic 


discontinuity. 


BEDROCK - A solid rock exposed at the surface of the earth or overlain by unconsolidated 
material. 


BLIND ZONE - Hidden layer, normally associated with refraction seismic. 


Cc 


CABLE - The assembly of electrical conductors used to connect the geophone groups to the 
recording instruments. 


CASING - Tubes or pipes used to line drill holes or shotholes to keep them from caving in. 
Usually made in ten-foot lengths which screw together. 


CATHODIC PROTECTION - Electrical corrosion protection for pile foundations, electrical 
grounding mats, buried pipelines, etc., generally requiring soil and rock electrical 
resistivity measurement. Can have a detrimental affect on electrical and 
electromagnetic surveys. 


CHANNEL - (1) A single series of interconnected devices through which geophysical data 
can flow from sources to recorder. Most seismic systems are 24 channel, allowing 
the simultaneous recording of energy from 24 groups of geophones. (2) A 
localized elongated geological feature resulting from present or past drainage or 
water action; often presents a weathering problem. (3) An allocated portion of the 
radio-frequency spectrum. 


CHARACTER - (1) The recognizable aspect of a seismic event, usually in the waveform, 
which distinguishes it from other events. Usually a frequency or phasing effect, 
often not defined precisely and hence dependent upon subjective judgment. (2) A 
single letter, numeral, or special symbol in a processing system. See also byte, 
with which it is sometimes used interchangeable. 
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COMMON DEPTH POINT (CDP) - The situation where the same portion of subsurface 
produces reflections at different offset distances on several profiles. Related (o 
seismic reflection surveying. 


COMPRESSIONAL WAVE - A elastic body wave in which particle motion is in the 
direction of propagation. (Same as P-waves, longitudinal wave, dilation wave). 


COULOMB'S LAW - Law of magnetic attraction which relates a force between two 
magnetic poles separated by some distance. 


CRITICAL ANGLE - Angle of incidence, for which the refracted ray grazes the surface of 
contact between two media (of velocities) V1 and V2): 
sin = V1/V2 


CRITICAL DISTANCE - Used in either of two different meanings; (1) The offset at which 
a refracted event becomes the first break; cross-over distance. (2) The offset at 
which the reflection time equals the refraction time; that is, the offset for which the 
reflection occurs at the critical angle. Important aspect of seismic refraction 
surveying. 


CROSSFEED (Crosstalk) - Electrical or acoustic interference resulting from the unintentional 
pickup of information or noise on one channel from another. 


CROSS-SECTION - A plot of seismic or GPR events, similar to a geologic section. 
D 


DATUM - (1) The arbitrary reference level to which measurements are corrected. (2) The 
surface from which seismic reflection times or depths are measured, corrections 
having been made for local topographic and/or weathering variations. (3) The 
reference level for elevation measurements, often sea level. 


DELAY TIME - (1) In refraction work, the additional time taken for a wave to follow a 
trajectory to and along a buried marker over that which would have been taken to 
follow the same marker considered hypothetically to be at the ground surface or at 
a reference level. Normally, delay time exists separately under a source and under 
a detector; and is dependent upon the depth of the marker at wave incidence and 
emergence points. Shot delay time plus geophone delay time equals intercept time. 
(2) Delay produced by a filter. 
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DIFFRACTION - (1) Scattered energy which emanates from an abrupt irregularity of rock 
type, particularly common where faults cut reflecting interfaces. The diffracted 
energy shows greater curvature than a reflection (except in certain cases where 
there are buried foci), although not necessarily as much as the curve of maximum 
convexity. It frequently blends with a reflection and obscures the fault location or 
becomes confused with dip. (2) Interference produced by scattering at edges. (3) 
The phenomenon by which energy is transmitted laterally along a wave crest. 
When a portion of a wave train is interrupted by a barrier, diffraction allows waves 
to propagate into the region of the barrier's geometric shadow. 


DIGITAL - Representation of quantities in discrete units. An analog system is one in which 
the information is represented as a continuous flow of the quantity constituting the 
signal. 


DIPOLE - A pair of closely spaced current electrodes which approximates a dipole field 
from a distant pair of voltage detecting electrodes. 


E 
ELASTIC CONSTANTS: Important seismic surveying relationships. 


(1) Bulk modulus, K - The stress-strain ratio under 
hydrostatic pressure: 


K = AP 
4 V/V 


where P = pressure change, V = volume, and A V = change 
in volume. 


(2) Shear modulus = rigidity modulus = Lame's constant, 
yu - The stress-strain ratio for simple shear: 


p= AP/A 
4 L/L 


Where 4 F = the tangential force, A = cross-sectional area, L = distance between 
shear planes, and 4 L = shear displacement. The shear modulus can also be 
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expressed in terms of other moduli as: 


u = % Bl + 0) 


(3) Young's modulus = stretch modulus, E - The stress-strain ratio when a rod 
is pulled or compressed: 
E= AF/A 
4 L/L 


where 4 F/A = stress force per unit area, L = original length and 4 L = change 
in length. 


(4) Lame's A constant - If a cube is stretched in the up-direction by a tensile 
stress, S, giving an upward strain, s, and S' is the lateral tensile stress needed to 
prevent lateral contraction, then: 


A = $'/s 


This constant can also be expressed in terms of Young's modulus, E, and Poisson's 
ratio, o: 


A = g- 
(1 + a) (1 - 20) 


ELECTROMAGNETIC - Periodically varying electromagnetic fields, such as light, radio 
waves, radar, etc. 


FILTER - (1) The part of a system which discriminates against some of the information 
entering it. The discrimination is usually on the basis of frequency, although other 
bases such as wavelength or moveout (see velocity filter) may be used. The act of 
filtering is called convolution. (2) Filters may be characterized by their impulse 
response or more usually be their amplitude and phase response as a function of 
frequency. (3) Bandpass filters are component filters. (4) Notch filters reject 
sharply at a particular frequency. Primarily used to reject 60Hz line noise. (5) 
Digital filters provide a means of filtering data numerically in the time domain by 
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summing weighted samples at a series of successive lime increments. Digital 
filtering can be the exact equivalent of electrical filtering. Digital filterng is very 
versatile and permits one to filter easily in accordance with arbitrarily chosen 
characteristics which might prove very difficult or impossible to introduce with 
electrical components, 


FIRST BREAK - First arrival - The first recorded signal attributable to seismic wave travel 
from a known source. First breaks on reflection records are used for information 
about the weathering. Refraction work is based principally on the first breaks, 
although secondary (later) refraction arrivals are also used. 


FREQUENCY - The repetition rate of a periodic waveform measured in cycles per second or 
Hertz. Angular frequency measured in radians per second, 


G 


GAL- An acceleration of one centimeter per second related to gravity. A milligal is 0.001 
gal. 


GAMMA- Common unit of magnetic intensity, equal to 0.00001 oersted, where an oersted is 
a unit of magnetic intensity. 


GEOPHONE - (SEISMOMETER, JUG) Instrument used to convert seismic energy into 
electrical energy. 


GEOPHONE STATION - Point of location of a geophone on a spread, expressed in 
engineering notation as 1 +75 taken from 0+00 at the beginning of the line. 


GRAVIMETER - gravity meter - An instrument for measuring variations in gravitational 
attraction. 


GRAVITY SURVEY - A survey performed to measure the gravitational field, or derivatives, 
to associate differences in the field with density distribution and therefore 


differences in rock types. 
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HIDDEN LAYER - A layer which cannot be detected by refraction methods, typically a low 
velocity layer lying beneath a high velocity layer. 


HYDROPHONE - Pressure detector - A detector sensitive to variations in pressure, as 


opposed to a geophone which is sensitive to motion, Used when the detector can 
be placed below a few feet of water as in marine or marsh work or as a well 


seismometer. The frequency response of the hydrophone plan' depends on its 
depth beneath the surface because of a standing wave pattern subject to the 
boundary condition that pressure be zero at the surface and a maximum at a quarter 
wave length. 

I 


IN-LINE OFFSET - Shotpoints that are in line, but offset to, a spread. 


L 


LEADS - An electrical conductor used to connect electrical devised. Geophones are 
connected to cables at the takeouts via leads on the geophones. 


LINE - A series of profiles shot in line. 
LOW-VELOCITY LAYER (LVL) - weathering. The surface layer which exhibits low 


seismic velocity. 


MAGNETIC SURVEY - A Survey performed to measure the magnetic field, or its 
components as a means of locating concentrations of magnetic materials or 


determining depth to basement. 


MILLIMHO - unit of measurement of conductivity, the inverse of resistivity or electrical 
resistance, ohm. 
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MILLISECOND - a time interval of one thousandth (0.001) of a second, most often related 
to seismic data. 


MILLIVOLT - one thousandth (0.001) of a volt, Volt is a unit measurement of 
electromotive force. 


MIS-TIE - (1) The time difference obtained on carrying a reflection event or some other 
measured quantity around a loop; or the difference of the values at identical points 
on intersecting lines or loops. (2) In refraction shooting, the time difference from 
reversed profiles which given erroneous depth and dip calculations. 


N 


NANOSECOND (ns) - One billionth of a second, unit of measurement often utilized in 
ground penetrating radar to describe depth of penetration into the subsurface. 


NANOTESLA (nT) - Unit of magnetic anomaly magnitude, equivalent to | gamma. 


NEWTON'S LAW - Law of gravitation, which expresses a force of attraction between two 
masses. 


NOISE - (1) Any undesired signal; a disturbance which does not represent any part of a 
message from a specified source. (2) Sometimes restricted to energy which is 
random. (3) Seismic energy which is not resolvable as reflections. In this sense 
noise includes microseisms, shot-generated noise, tape-modulation noise, harmonic 
distortions, etc. Sometimes divided into coherent noise (including non-reflection 
coherent events) and random noise (including wind noise, instrument noise, and all 
other energy which is non-coherent), to the extent that noise is random, it can be 
attenuated by a factor of vn by compositing n signals from independent 
measurements. (4) Sometimes restricted to seismic energy not derived from the 
shot explosion. (5) Disturbances in observed data due to more or less random 
inhomogeneities in surface and near-surface materials. 


NOISE SURVEY - Or ground noise survey. A mapping of ambient, continuous seismic 
noise levels within a given frequency band. As some geothermal reservoirs are a 
source of short-period seismic energy, this technique is a useful tool for detecting 
such reservoirs. 
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OBSERVER - The geophysicist in charge of recording and overall field operations on a 
seismic crew, 


OHM - Unit of electrical resistance. 


ON-LINE - Shotpoints that are shot at any point on a spread other than at the ends of the 
spread, 


ORIGINAL DATA - Any element of data generated directly in the field in the investigation 
of a site; or a new element of data resulting from a direct manipulation or 
compilation of the field data. 


OSCILLOGRAPH - Camera. 
OSCILLOSCOPE - A type of oscillograph that visually displays an electrical wave on a 
fluorescent screen, as of the cathode ray tube type. 
P 


PLANT - The manner in which a geophone or electrode is placed on or in the earth; the 
coupling to the ground. 


PRIMACORD .- An explosive rope that can be used to either connect explosive charges, or 
can be detonated separately as a primary energy source. 


PROFILE - The series of measurements made from several shotpoints into a recording 
spread, from which a seismic data cross section or profile can be constructed. 


PROSPECTION - European term for archeogeophysics, or the usage of geophysical 
methods for archeological assessments. 


PV - Polyvinyichioride, a plastic tubing or pipe that is used to case coring: or shotholes. 
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RADAR - A system in which short electromagnetic waves are transmitted into a medium, 
and the energy which is scattered back by reflecting objects is detected. May be 
used for shallow penetration surveys in the ground, salt, ice, fresh water, masonry 
and other materials, 


RAYLEIGH WAVE - A seismic wave propagated along a free surface. The particle motion 
is elliptical and retrograde. 


RAYPATH - A line everywhere perpendicular to wavefronts (in isotopic media). The path 
which a seismic wave takes. 


RECONNAISSANCE - (1) A general examination of a region to determine its main features, 
usually preliminary to a more detailed survey. (2) A survey whose objective is to 
ascertain regional geological structures or to determine whether economically 
prospective features exist, rather than to map an individual structure. 


REFLECTION SURVEY - A survey map of geologic structure using measurements made of 
arrival time of events attributed to seismic waves which have been reflected from 
interfaces where the acoustic impedance changes. 


REFRACTION SURVEY - A survey to map geologic structure and to determine 
compres.ivnal wave velocities by using head waves. Head waves involve energy 
which enters a high-velocity medium (refractor). 


REFRACTION WAVE - Head wave - Mintrop wave - conical wave - wave travel from a 

point source obliquely downward to and along a relatively high velocity formation 
or marker and thence obliquely upward. Snell's law is obeyed throughout the 
trajectory. Angles of incidence and of emergence at the marker are critical angles. 
Typically, refracted waves following successively deeper markers appear as first 
arri-als with increasing range (shot to detector distance). Refracted waves 
following different markers may occur at different arrival times for any given 
range. Such waves cannot arise for angles of incidence less than the critica! angle 
for any given marker. At the critical angle, the refracted wave path (and its travel 
time) coincides with that of a wide angle reflection. 


REFRACTOR - Refraction marker: A relatively high velocity extensive layer, underlying 
lower velocity layers, which transmits a refraction wave horizontally. 


RESISTIVITY - (electrical) - A property of rock material giving a measure of the difficulty 
involved in driving an electrical current through it. Mathematically, resistivity is 
the ratio of electric field intensity to current density. 


RESISTIVITY METER - A general term for an instrument used to measure in situ the 
resistivity of soil and rock materials. 


RESISTIVITY SURVEY - A survey performed to observe the electric fields and earth 
resistivity caused by introducing a current into the ground. 


REVERSE PROFILE - A refraction seismic profile that has been generated by shooting at 
both ends of a spread. 


SEISMIC AMPLIFIER - An electronic device used to increase the electrical amplitude of a 
seismic signal. (see geophone) 


SEISMIC CAMERA - A recording oscillograph used to produce a visible pattern of electrical 
signals to make a seismic record. 


SEISMIC CAP - A small explosive designed to be detonated by an electrical current, which 
in turn detonates another explosive. These caps are designed to provide very 
accurate time control on the shot instant. 
(SEISMIC) VELOCITY - The rate of propagation of seismic wave through a medium. 
SEISMOGRAM - A seismic record. 


SELF POTENTIAL - Spontaneous potential, natural potential, SP. The dc or slowly varying 
natural ground voltage between nearby, non-polarizing electrodes. 


SHEAR WAVE - A body wave in which the particle motion is perpendicular to the direction 
of propagation. (Same as S-wave, equivoluminal, transverse wave). 


SHOTPOINT - Point of location of the energy source used in generating a particular 
seismogram. Expressed either sequentially for a line (i.e., SP-3) or in engineering 
notation (i.e., SP 3400). 
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SIGNAL ENHANCEMENT - A hardware development utilized in seismographs and 
resistivity systems to improve signal-to-noise ratio by real-time adding (stacking) 
successive waveforms from the same source point and thereby discriminating 
against random noise. 


SITE DATA PACKAGE - Accumulation of geophysical data information from a single 
source of dissemination analysis and evaluation against the site criteria. Would 
include: charts, records, field notes, maps, photographs, technical reports, lab 
reports, etc. 

SNELL'S LAW - When a wave crosses a boundary between two isotropic mediums, the 
wave changes direction such that the sine of the angle of incidence of the wave 
divided by the velocity of the wave in the first medium equals the sine of the angle 
of refraction of the wave in the second medium divided by the velocity of the wave 
in the second medium (see critical angle). 


SPREAD - The layout of geophone groups from which data from a single shot are recorded 
simultaneously. 


TELLURIC - Pertaining to the earth. 


TRACE - A record of one seismic channel. This channel may contain one or more 
geophones. A trace is made by a ga! vanometer. 


v 
VELOCITY - Quickness of motion, rate of motion through some media, such as the earth. 
VIBROSEIS - A seismic energy source consisting « controlled frequency input into the earth 
by way of large vibrators (truck mounted). 
Ww 
WAVE LENGTH - The distance between successive similar points on two adjacent cycles of 


a wave, measured perpendicular to the wavefront. Expresses as = v/f, where = 
wavelength, v = wave velocity and f = wave frequency. 
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WWYV - The U. S. Bureau of Standards radio station that broadcasts time and frequency 
standards. 


For the definition of other geophysical terms used in this manual, refer to: Glossary of Terms 
Used in Geophysical Exploration, Society of Exploration Geophysicists, Tulsa, Oklahoma, 1984. 
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POTENTIAL SOURCES OF 
GEOPHYSICAL EQUIPMENT AND 
SURVEYORS 


APPENDIX C: 


There are numerous potential sources of both free and at cost surveyors and equipment 
available to the knowledgeable archeologist. Knowledgeable is defined as: (1) having an ability 
to network with individuals involved in geophysics, (2) a good understanding of geophysical 
methods and their application to site assessment, (3) a good story to teil to interest the contacted 
individual to either lend you the equipment or help on a volunteer basis and (4) remembering 
anyone can rent, buy equipment or hire consultants to progress through the learning curve. 


Sources of Equipment or Surveyors: 


1. U. §. Governmental Agencies: 


2. State Agencies: 


3. Universities and Colleges: 


. Geological Survey 
. Bureau of Reclamation 
. Bureau of Mines 


Geologic Surveys 
Health and Environmental Agencies 


Geological Departments 
Geophysical Departments 
Engineering Departments 


4 Private and Non-Profit Organizations 
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5, 


Private concerned individuals 


Geophysical Equipment Manufacturers 
Geophysical Equipment Rental Companies 


Geophysical Consultants 


Access to sources |-3 requires contacting the indicated agency within the area. 

To access the other groups, it is recommended the following procedure be performed: 
Acquire a copy of the Geophysical Directory, a geophysical trade 
directory, published annually in March. This directory provides the 
most comprehensive listing of sources of equipment and individuals 
available. The Index page to the 1991 issue is provided for 
reference purposes with credits indicated. 


THE GEOPHYSICAL DIRECTORY 


Published Annually in March Forty-Sixth Edition 1991 
2200 Welch Avenue P.0. Box 130508 
Houston, Texas 77219 


713 529-8769 FAX: 713 529-3646 


_—_— 
INDEX TO CONTENTS 

ADOENDUM 436 
ADVERTISERS INDEX 14 
AIRCRAFT SERVICES (including Helicopters end Hovercraft) 323 
AUTOMOTIVE EQUIPMENT 335 
AUXILIARY EQUIPMENT AND SERVICES (including Recording Ceb, Winches, Generators, ete.) . 
BOATS 

CONSULTANTS (Geophysical) ... 6 
CORE DRILLING CONTRACTORS 126 
DATA EXCHANGE SERVICE 159 
DATA PROCESSING CENTERS 138 
DATA PROCESSING EQUIPMENT MANUFACTURERS 177 
DATA STORAGE 189 
DRILLING BITS 301 
DRILLING RIG BUILDERS (Geophysical 


cr J 
a 


ELECTRICAL AND ELECTROMAGNETIC CONTRACTORS 
ELECTRONIC SUPPLIES (including Cables end | ocetion Instrumente) 
EXPLOSIVES ) 
FOREWORD 

GRAVITY METER CONTRACTORS 

INDEX TO COMPANY LISTINGS 

INSTRUMENTS GEOPHYSICAL (Field) 

INSTRUMENTS OCEANOGRAPHIC 

LOGGING SERVICE (Core Hote) 

MAGNETOMETER CONTRACTORS —_ 

MARSH BUGGIES AND TRACKED VEHICLES 

MINING COMPANIES USING GEOPHYSICAL TECHNIQUES 

NEAR SURFACE SURVEYS (including Engineering end Mining) 
NON DYNAMITE ENERGY SOURCE EQUIPMENT 

OIL AND GAS COMPANIES USING GEOPHYSICAL TECHNIQUES 


2see888e8SasF3Es_2 
zaseSshs8SeutSi_e_32 


PERSONNEL LIST 
RADIOACTIVITY SURVEYS 

REMOTE (Satellite) SENSING SERVICES 

SEISMOGRAPH CONTRACTORS 

SHOT HOLE CASING | 

SHOT HOLE DTILLING CONTRACTORS | a4 121 
SOCIETIES Jeophysicel 937 
SOF TWA ~ (Geophysical) 197 
SOIL ANALYSIS CONTRACTORS 63 
SUPPLIES AND SERVICES (Periphers! Geo, 269 
SURVEYING CONTRACTORS (Locetion) 67 
GOVERNMENT AGENCIES UTILIZING GEOPHYSICS ., 344 
VELOCITY DATA 136 
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sEOPHYSICAL DATA EXAMPLES 
AND INFORMATION SHEETS 


APPENDIX D: 


Depiction of geophysical equipment in Appendix D is provided 
solely for reference purposes. No endorsement of manufactures or 
equipment is intended. 
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Magnetometer Example 


Mognetomet Mode! 6-85 

G-856 magnetomete: automatically measures the absolute vaive of the 
cnwe field to & resolution of 0! gamma The 6pound (27 kg) 
portabte Bes 8 8OH0-atate Memory to Store UP to | 400 seperate reading: 
Of the field, tire, date. and station number in survey mode and 2.500 readings 


Gripping Case end interpretation and operators manuels software 

to list. plot. contour and model magnetic date is available for the end 

othe computers 

Specifications 
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(GISCO) 


FLUXGATE 


GRADIOMETERS 


» 
i : 


rey, 
FMS + FM18 + 


FM3G 


. iN 
| rove russert wanes 'ome ree 


TYPICAL SPECIFICATIONS 


GRADIOMETER 


Sensor separation 
Operating held range 
Analogue ranges 

Digital ranges 

Digital display resolution 
Data Slorage resolution 
Zero resolution 

Zero contro 

Response time 

Display update rate 
Reading average period (determined by signal strength) 


Fiuxgate sensor 


Ana OQue (BN , OnNNeCT 
Power SuD0!y 
Battery \fe 
Battery voltage france 
Power su00dly sens f\ 
. femperature fa 


500mm. 

+/-100uT, no latch-up for larger fields 
+/-5, 10, 20, 40, 80, 160, 320, 640nT 
+/-20000nT +/-2000nT +/-200nT 


1OnT inT 0.1nT 
5nT 0.5nT 0.05nT 
5nT 0.5nT 0.05nT 
push button auto- zero 
20mS 40mS 120mS 


digital - 3 readings/sec. analogue - 9 readings/sec 
0.6-1.2s (16 readings) 

1.2-2.48 (32 readings) 

2.4-4.8s (64 readings) 

48-9.6s (128 readings) 

(a) sensitivity balance potentiometer 

(c) two independant N/S, E/W alignment controls 
+/ 2V fsd each range 

BA). batteries, Alkaline or Nickel-Cadmium 

45 hours Alkaline, 12.5 hours Nickel-Cadmium 
6.5-12V 

<0.2nT/V 

0°C......+40°C 

2.35 Kg 

620 x 380 x 120mm 
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Overhauser magnetic 
systems maximize 


resolution and 
minimize power 
consumption. 
Polarization and 


measurement occurs 


simultaneously. 


GSM-19 OVERHAUSER 
MAGNETOMETER/VLF 


Specifications 


Overhauser Performance 
Resolution: 0.01nT 

Relative Sensitivity 0.02nT 

Absolute Accuracy 0.2nT 

Range: 20,000 to 120,000nT 

Gradient Tolerance: Over 10,000nT/m 


Operating Modes 


Manual: Coordinates, time, date and 
reading stored automatically at min. 3 
second interval 


Base Station Time, date and reading 
stored at 3 to 60 second intervals 


Mobile: Time, date and reading stored at 
coordinates of fiducial 


Remote Control: Optional remote contro! 
using RS-232 interface 


Input/Output: RS-232 or analog (optional) 
output using 6 pin weatherproof connector 


Omnidirectional V LF 


Performance Parameters: Resolution 0.5% 
and range to +/- 200% of total field 
Frequency 15 to 30kHz 


Measured Parameters: Vertical in-phase & 
out-of-phase, 2 horizontal components. 
coordinates, date, and time 


Features: Up to 3 stations measured 
automatically, in-field data review, displays 
station field strength continuously, and tilt 
correction for up to +/- 10°tilts 


Dimensions and Weight: 93 x 143 x 
150mm and weighs only 1 Okg 


Dimensions and Weights 


Dimensions 

Console: 223 x 69 x 240mm 

Sensor: 170 x 71mm diameter cylinder 
Weight 

Console: 2. lkg 


Sensor and Staff Assembly 2. 2kg¢ 
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Operating Parameters 

Power Consumption: Only 2Ws per 
reading Operates continuously for 45 
hours on standby 


Power Source: 12V 1.9 Ah sealed lead acid 
battery standard, other batteries available 


Operating Temperature -40°C to +60°C 


Storage Capacity 

Manual Operation 8,000 readings 
standard, 131,000 optional. With 3 VLF 
stations: 3,100 standard, 58,000 optional 


Base Station 43,000 readings standard, 
700,000 optional (580 hours or 24 days 
uninterrupted operation with 3 sec intervals) 


Gradiometer 6,800 readings standard. 
110,000 optional. With 3 VLF stations 
2,900 standard, 46,000 optional 


Archaeological Magnetic Anomalies 
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CR. Geoscan Research GEOPHYSICAL SURVEY 
sire 


SHEET MUMBER 
DaTE 
MAP REF. 
sou SURVEY TYPE 
suseson 
GROUND COVER 
WEATHER INSTRUMENT 


SHEET ORIENTATION 


ADJACENT 
SHEETS 


_s 


STATION INTERVAL 


units 
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CR: Geoscan Research GEOPHYSICAL SURVEY 


ore Sreel muMBER 
eatin, 
oate 
war ner 
son sunvey Tyre 
sveson 
GROUND COVER 
weaTwen ime T Rumen 
SHEET OMMENTATION ADJACENT STATION TOeRWAL 
svecte 
N vere 
Survervors 
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GEOPLOT Version 2.0 


PRELIMINARY INFORMATION - SUBJECT TO CHANGE 
x pe, FEATURES 


e 


a 


aa 

ah 
fF 
A ww 


& ft Data transfer from FM series, 

2”, RM15, DL10, ASCTI files 
Facilities : 

Convolution Filters 


; 
} 


Geoscan Research . Heather Brae . Chrisharben Park Telephone: (0274) 880568 


hire. BDI4GAE. UK ~~ Telex: $1449 CHACOM G marked for GEOSCAN 
Clayton . Bradford . West Yorkshire Pax (0274) 818253 
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MULTI-PROBE ARRAY PAS 


PRELIMINARY INFORMATION - SUBJECT TO CHANGE 


FEATURES 


A “Universal” frame system for use with 
the RM15 or RM4 resistance meters 


Automatic multiplexing for rapid and 
efficient surveys (manual for RM4) 
Modular building system for versatility 
-weight aluminium construction 
- 2.6 Kg for 0.5m Twin 
SPECIFICATIONS 
Dimensions configured as 0.5m Twin (including probes) Height 950mm, max width 610mm 
Dimensions configured as 1m Twin (2 short added Hei max width 1110mm 
Frame weight (configured as 0.5m Twin) ~ ' — 
Frame weight (configured as lm Twin) 3.7 Kg 
Frame weight (configured as 0.5m/im multiplexed Twin) 4.0 Kg 
Cable Drum and remote probes weight 6.9 Kg 
MPX4 weight, including leads and mounting plate 0.35 Kg 
MPX15 weight, including leads and mounting plate 0.4 Kg 


Geoscan Research . Heather Brae . Chrisharben Park Telephone: (0274) 880568 
Clayton . Bradford . West Yorkshire. BD146AE.UK = Telex: 51449 CHACOM G marked for GEOSCAN 
. Fax: (0274) 818253 
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| WWII Archaer JOO) Mag tic An may Detection 
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, | , Grid Spacing #t.) 
NOTE. Anomaly Detection is Dapendant On Object Size, Orientation, and Magnetic Contrast 
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o2T 


Total Magnetic Field Survey Profile 


58960 
| ] 
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Distance in Feet 


Total Magnetic Field Contour Map 


2-Meter Grid 
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Location 36543 


| MIE 
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Magnetometer Survey - 
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MAGNETIC FIZ. DATA SHEET 


CLIENT DATE 
PROJECT LOCATION 
JOB NUMBER LINE 
BASE LOCATION OPERATOR 
INSTRUMENT MAP SHEET 
COMMENTS : 

OBSs¢é STATION READING TIME COMMENTS 


Davenport & Hadley 1986 
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MS2 


Magnetic Susceptibility Syster 


Features 
® High Sensitivit : gt capand 


able by & Tacter ct it 


@ Accurate Measurements Seneorts ca 
brated to water 


@ Intercalibrated Sensor: 


with no adrustments 


® Superb Temperature Stability Vern 


measurement dnft 


®* Low Operation Frequency ineer 
sample conductivity 


® _omputer interface InMe 


© Portable Data Logget 
® Rapid and Easy & se Push button cor 
trol gives digtta reading nm alhout we orn 


® (howe of S$! and os writs 
® Large 4-diett Li 1) wc ludes tigt 
® Internal Batterves Rochargeabic 


© Analog interface optior 


(,eneral 


lhe MiS2 unit connected to any ofa 
wide range of individually calibrated 
sensors Power and data tranemissior 
Supt bed to the seneor via 4 Coaxia 
cable that provides suverd immunity t 
interference When sample material is 
placed within the infiuence of a lov 
frequency | Uersted alternating 
magnetic field, produc dd hw the seneor 
a change in frequency results This is 
onverted to a reading of magnet 
susceptibility and disp 'ayed digitally on 
the MS) Meter All! seneors are screene 
to provide immunity to electrical 


nterterence and proximity etiects 


Sensor Type 1828 


The standard Yemm diameter dua 
irequency laboratory seneor is 4 unique 
| excephona) sensitivit 

t accepts 20m) and it 
mdrical bottles 25 4mm and 7imn 
ub bowes and 75 4mm ceviindrica 
ore A sample inserhon rhe harnvertr 


eneures perfect centering of sampies 


Search Loop Sensor WS2D 


. 
| prot. aed tir rapid awcsamen'! 
' th rcentt anor | ferromagneth 

me athaY <i. fh ok ~ tore WOW Sens oe oe orf 
hinerais in ths Da m appror 

the land surtace It ie used in ehodies of 

Hope processes and is a powerful to ; 
> " nae? 9 ~~? ef yan Base . 

a AO) + ai i | ape ne 


MS2C Core Logging Sensor 


A series ' vw > sensors w ith diameter: 


anging from 45 | ‘5mm are available 
t. ‘ gr | rer teow me ta eptt ‘ 
measurements nm whole core The: are 


suitable for Measuring any type of peat 
lake or marine sediment core provide 
tm not meta ac. Seneore ar 

environmenta sealed to allow held 


and shipboard us 


Specifications 


MS2 Magnetic Susceptibility Meter 
Meseur ng Ranges 1.9000 » } . cge 
Temperature Range -10°C to +40" 
RS 232 Interface Standard baud rate 120 
Interface Outlet 4-way rea: socket 


inmensions 27418 158s 


Weight Lite 


Li24 


MS 
S2 
Magnetic Susceptibility System 


= @ 


Sensor Type MS28 


Calibration Acouraey of 1% 10m 
calibration sample provided 


Operating Frequencies 0 49k Me and 


4 Jue 
Measurement Period | Jee 
ihmensione il « 11 » 20er 


Weight } Rhye 


Search Loop Sensor MS2D 
Operating Frequency 0 @58kH> 


Measurement Period 0 See 


Calibration Accuracy 7% with emoaot! 


surface conditions 
Thitmmenaons Loot mean diameter |fime 
Total Height @4mer 


Weight 0 Jeg 


MS2C Core Logging Sensor 


Temperature Induced Daft Typica ‘ 
10-6 oge per hour 


Operating Frequency 0 565kHe 


Measurement Pernod 0 9 sex 
Calibration Accuracy 57 
inmenmone 77 5% 208 léen 


Standard Components 


MS2 meter. power cord carrying bag. and 


netruction manusisc 


Ordering Information 


Order Number 
$$0-. 300-0000 
§50. 200.000) 


Description 

MS2 Standard System 
Sensor Type 4828 
Search Loop Type 4820 $80 300.0009 
Probe Type 52°F $$0.300-0012 
MS2C Core Logging Sensor 550-300-0006 
S2 Carrying Case §$0.300-002' 
Service Manual! $$0.300-00 36 
Multisus (BME Software $$0. 300-00 30 
Deta Logger $$0-300-0033 


Reduction Modeling 
Software 


Tilt 


Borehole 


Land 


4 


Marine lInderwater 
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GRAVITY FIELD DATA SHEET 


CLIENT DATE 
PROJECT LOCATION 
JOB NUMBER LINE 
BASE LOCATION OPERATOR 
INSTRUMENT MAP SHLET 
COMMENTS : 


2BS¢ STATION READING TIME LAT. LONG. ELEV. | COMMENTS 


Davenport & Hadley 
1986 
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ReBistivity Meter! 


Earth Resistivity Meter Model 2350B 


Mode! 73508 Earth Resistivity Meter and System « designed for extended 
shallow depth earth exploration pollution monitoring and archaectogioal prob 
terns Exploration projects inciude the location of ground water aquifers grave! 
Of TOC#k Gepoesits ore bodies topograptuc hugh) oF lows on @ bedrock surface 
areas of weathered bedrock on an ofherwise sold rock surface oF Geter runing 
the variations in depth of subsurface onnditions for example sol layer overtying 
Qrevel or bedrock oF sand overlying clay over bedrock Polivtion monitoring 
(NClUGes CONtINUING studies of ground water levels and salinities delineation o! 
potiviant plumes monitoring of landfills leakage monitoring of storage lagoons 
and studies of fhe movement of organic pollutants Archaectagioa! sites have 
been svoocessivily mapped in deta before excavation Users include geaphys 
cists geologists environmentalist: crvil engineers fydrotogists sand and 
Qrevel operators sanitary engineers muning engineers ‘wohway engineers 
contractors Quarry opersion drillers and archaeologists 


Specifications 

"igh Vonage 1 Vom (pees -to-pemh) 

Nominal E rotation 1) M7 to miremize cable coupling and stir effect 
frequency 

frequency Contre 119% to munize extraneoue ‘eet frequency earth 


Current inteterence 


Oirect Oigtel Reading = Quartity mamured - 2 + + 


c! Reweternce 

Resonsion One pen i 10.000 manimnurm 

Acowrery 17% pw renge setting 

Fiectrode Ratance One 000 multiple: range to masmize accuracy @ high ete 

a wose repaance 

Sve Range “oc ate: 001 091 001 '0 100 10 cower af types Of eub-eutate mate 

All Sond Stem Wweegrenes crroul conmruction for tong Service ie end Sabity 

ll ARomancey COMiromed to 8 nonmune) 28 mikemperes 

Current’ Moritor Seperete 0. 1) mithempere meter for cartinuoue monitoring of 
@actrode current 


Fe Termine! Sytter Mader 7750R can be eed with a! ete trade apreads Wernne | ae 
Sohiumberger Dipote Opole Bristow Pole Dipole Mae o io 
others 


Operation Oper wien at the touch Of @ tasttow avtometcally ethou'! @ seperate 
power ewitct 

rout Crown Built in to CNeck Operation at any tne 

Portable end Weg 4 it 64 “9 Packaged ne woathe 

| sghrterengh' resistant case 6+ 12 « TOmorhes (15) « 306s mn) Complete 
; eth eel COntened powe pect 

Mode! 27508 € artr Provided complete with befteree metructons and 

Rawintvity Whete Merpretation procedures 


Mode! 7775 Heavy Duty Reel-Electrode Accessory Ki includes four 24° zinc 
plated electrodes four reets with copper weld winy! nylon insulated cable for IX 
feet (GD meters) A spacing plus Lee electrode and cable 
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GIisct 


VLF Resistivity Meter 


EM-16/16R 


The EM'6R i¢ 4 simple button on attachment to the EM16 converting to 4 
Geo! reading terran resistivity meter The EM 16R intertaces 4 paw of potenti 
etectrodes to the FM 16 enabling the measurement of the rato of and the phase 
angle between the horizontal electric and magnetic felde of the plane wave 
propagated by distant VF radio tranernitters 


The ENGR 16 Girect reading in ohn meters of apparent ground resitivity | the 
phase angle 16 45° the resietivity reading @ The true value and he Garth « 
niform to the Gepth of exploretior © achw Gepih) Any Geperure rom 45° 
1 phase indicates a layered earth |) wo layer interpretation curves are supplied 
with each inetrumen to pernit an vterpretation based on @ two layer eertt 
node! 


The tughty portable resietiwity eter meet an mee! too! for Quick geotogcs 
rapping and hee been used succeasiully for e variety of applhoations 


Detection of mameive and Giaserrwneted svipfude deposits 
Overburden conducteity and throtnese meneurements 
Permetros! mapping 

Detection and delineation of industrial muneral Gepost: 
Aquide mapping 


Specifications 


WMeansiired (uimritrty Apperer' Reaistiwity of the grourd in meters Phase angie 
betweer —, ar i  Gagrens 
Resietiwt, Sarva oO TM ofwr eters 


@ 1G oh meter: 
> DGD coher meters 


RESISTANCE METER RM15 


PRELIMINARY INFORMATION . SUBJECT TO CHANGE 


~imae . 


Soup 
_— oC 


RECEIVER Rewstance ranges 

Logged resolution (ohm) 

Reading variation with battery voltage (7-12 V) 
Frequency range 


<001%/V 

137 He 

100 Mohm 

0.25, 0.5, | seconds programmable 
13 Hz 

“f/-2V 


RM15 ADVANCED 


M 
Stains Pajontion - (apeiannd tor % or @ Hz) 
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100 Mohm 

0.25, 0.5, | seconds programmable 
0.25 - W seconds 

4, &, 16, 32, 64, 128, 256, 512 readings 
>» & 4B for PS and NS modes 

001 Hz - 13 Me 

+/-2V 

+/- 2V ted cach range 


WENNER ELEC TRODE ARRAY 


Vitidihhdiididitiiid 


LLiAisMsiMiihishhhhthiiiihiittihihhhihititititiitiihhhhtthttthittihttiii 


ISA SFSS SSAA AAAS SAAS SSAA AAA ASA 


Wiiiiiiiiiiiighhhthihihihhhihttthitttihhitihihihtiiiihiithiittititiijiiiiiiiiiididididillidididithdd ddd 


LEGEND 
MN - POTENTIAL ELECTRODES 
AB - QURRENT ELECTRODES 
| JOLTMETER 
|. CURRENT SOURCE 
d- ELECTRODE SEPARATICN 
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S(CHLLIMERGER ARRAS 
VERTICAL ELECTRICAL SOUNDING 


y 


a VMLMLMLLLLLLM ibd ididididddiidiildidddldddlidddlds iii sddiidiiiiidiidiliiddildd siti isddiiidlitishtsdisstiitithtith Vib hhh hdllld bli thls stds | lds 
; A \/ | \ | ha f 2 f4 


; 
aA pa 


: 2 | ‘ 


Tet 


LEGEND 


> 
| MN - POTENTIAL ELECTRODES 

AB - CURRENT ELECTRODES 

: | \V) VOLTMETER 

‘¢ ‘ : 

OURRENT SOURCT 
APPARENT RESISTIVITY VALUE! 
WITH DEPTH ss 
Rn. | 


100 - Resistivity sounding, Lockwood Stage Station 
s+ Wenner configuration, line N1012, center at W1021 
Bison 2390 meter, f = 5 Hz, | = 10 mA 
‘er survey 12 June 1991 during workshop on v 
4 i Geophysics Techniques in Archaeology Pers 7 
? 
Q 
te 
E *r 
] 
E uoeees 
L£ A 
O 4h i 
E / 
7 sb Py 
”) 7‘ 
2 f? 
ct 
Nd 
Pty 
20000 field measurements .. < 
’f #$ i seeee calculoted model OP 
10 | a ee ae wees a L L aw weve 
2 3 ‘4 § 6@7Fe6e 2 5 ‘ § 67868 
0.1 1 10 
Electrode spacing, m S 
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Apparent resistivity, ohm—m 


50 


40 


w 
© 


NO 
© 


Oo 


Resistivity profiles, Lockwood Stage Station 
Wenner configuration, electrode spacing = 1 m 


- Bison 2390 meter, f = 5 Hz, | = 10 mA 
{ survey 13 June 1991 during pone on 
- Geophysics Techniques in Archaeology 
be 
bs lav qe Covval —><— Small Covra! —— >} out side 
be | | 
. | 
= | 
be 
a | | 
a 
: R ls 
a io 
' e a f . ; 7 
. ‘fs " 

= § ‘ua ; s. 
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= + F ‘s 
be 7 ‘ ! , . 
q | s . | . 4 

vy ff , , ep ressions 

' ee a 


eee line # 2, across corral, bearing = 202° (mag) 


| eee line 1, photo anomaly, bearing = 12.5 . mag) 


ppeutlypgy yd pgp yy ygpg yg tg gg gp gpg gp pg fF pg gpg ggg yy | 
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B. Bevan 


ELECTRICAL RESISTIVITY DATA SHEET 


FEATURE PROJECT STATE 
LINE NO. LOCATION SURVEY DIRECTION 
€ QuIP. ARR AySCHLUMBERGER operator OaTeE 


GEOMETRIC FACTOR: Iro*/p 


(T). 
“Sy 
= PW pp 
> —"1, 


I,,1,-Current electrodes P|, P, Potential electrodes 


w e wo COMPUTATIONS 
S wl wie = ~ 
earn Y =] = jee 2 
° ) s\z2)' 5 -~ 4 5 o — |WoCce Ww 
= |Gevious| Figo 3 ) ~ cx = 
- ~a2izic05| w as & os yy = qyH—o-G 7 
Oijaies| Via G ee CT 
i zis 2 « E ~ ” re) 


Davenport & Hadley 1986 
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Project 


Location 


Line No. 
Date 


ZZ 


Operator(s) 


See reverse side for map 


SELF POTENTIAL OATA 6h00tee 


Instrument model Serial No 
Electrode type Electrolyte 
SP Station =Dom Station 


BASE ELECTRODE NEGATIVE BY DEFINITION 


base ner. 


STATION | POTENTIAL | TIME NOTES 
sign, reading 

CRIFT CORRECTIONS: ©+@ Perform once ot begining & once at end of line. Davenport & 

(Piecs Hadley 1986 

Electrodes in beth & away from direct sun) (2) Perform every 30 minutes. 
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Ground Conaguctii' 


Designed to be pertioviary usety! for agricultural ap, ioaetons such as field 
surveys Of sol salinity the EM. 38 can cover large areas Quickly without! ground 
electrodes The EM 3 based on the same patented principles as al! Geornwe 
Ground Conductivity Meters provides Gepths of exploration of 0 75 meters ir 


the horizontal dipole mode — forme! operating position 15 meters if the 
vertical dipole mode — lying on ite side (eee Geornice | echnical Notes 'N5 and 
TNwe, 


Very lightweight and only one meter tong the EM-38 provides rapid surveys 
with excetion! lateral resolution Meaeurement is normally made by placing fhe 
netrument on fhe ground and noting the meter reading Moweve: with thie 
netrument  @ ale PoSsihle to renord the meter reading a1 various neirumen! 
hegre above He ground (Om Fero © two Meters) and Mus weing he 
supphed iMerpretation curves to fully resolve « two layered earth 


To further enhance the mapping potential of the FM. WA measurement can atec 
the made of the magnetic sysceptibility of the sor 


in aGGihon to ite agnoultural applioetion the EM-38 has proven to be very usety! 
" Other areas where 4 tnowledge of the near sulfate Conductivity Gan be 
applied auch a8 genera! gecteohrice’ mapping and archaeology 


Spex fications 


Mermaiiret uraritity 
Pr vemary © erie 


Apparent CORB uCtWity of the groynd in cmillrnos gue rater 
Sel cortarved Gipcite tranerhnitte 


Source 
Sermo ett -coyrthamervend Gipicite ren ernver 
hevteerc icy! Spar 1g eter 
iperating Frengusern y a7 oe 
Pome Soap ov ‘rermittoy Fado Battery (eg Matiory WIE) 
Ona tivity Pareges os i > mites Ber eeete 
Mean srerrie ™ # ty etate Getiertior 
Pre (pcr 
Ratio, | Me Y Houvrt cortewewe for We ee 


136 


Ground Conductivity 


Ground Contactivity 
Electromagnetic Meter EM-31D 


Tre EM3' prowdes @ Measurement of terran conductwity without ground 
electrodes of Contact veng 8 patented electromagnetic Nductive techruque 


Thee imetrument (¢ direct Feeding «nf mellnhos per meter and over a undorm halt! 
spece eads Gentcally with conventional resistwity netruments eth fined 
array spacings Veing the inductive Method surveys are readily Carned Out 
fegrons Of hugh resetwity such a8 sand gravel permaeftros! and bedroce 


Tre effective Gepth of expioraton «¢ about e Meters mating ( Ges! for many 
geotechrcel and groundwater contaminant surveys Other important advan 

tages of the EM-3' over conventions! methods are the speed with whch 
surveys can be conducted the preciion arth which ema’! changes in conduc 

tity Can be Measured and the continuous readou! whee traverting the survey 
area The new EM-3'D prowdes an analog output of both the quadrature phase 
and "phase components which can be recorded continuously Of 4@ Gua! 
ohenne! recorder The i-phase component ¢ especially usetu! for Getecting 
emall shallow ore bodies and © waste eile surveys buried meta! drums 


Mosovres Quanity SESore™ Ceneucwviy 7 TO VOv"s 6 TAS OS TS 


Promery 6 etd Set come ned Opole ene fe: 

Source — — 

Senso” . Se" <OMtenes Spo "SKE ve 

intercon Spec mg 1 ween 

Gporeing Frequency 98 ws 

Powe Supply 8 Oepomatve alkene © come appros en Ae CORR GOMA 
ye 

“ onductwty Menger 1 0 3% 100 30 (G0) mmnon meter 

Veavremen' ~ of tl cee 

Precor 

Mesturemen’ o% 8 2) mmo ge meter 

Acowrety —_ 

Nore (eve >! arnhos Ger “eter 

Operator © controwte Mode te “ 


WO vuty Range gertcr 
Phasing Potentiometer 

oaree “phase Compensatior 
rome cohese Compernsstor 
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Of MeRBUNNG terran CONduCctrvity @ thet fhe depth of penetration @ ndepend 
Ont of HerrREn CONdUCTIVIty aNd @ determined solely by fhe metrument 


@ the ontercor and cov onentation The EM-34-) can be used at three 
fined spacings of 10 20 oF 40 meters and in (he vertical coplener (a8 shown) or 
honzontal coplanar mode in the verhos! coplaner made the instrument! senses 
to appron 0 75 of the intercod apecing in the horwzontel coplanar mode the 
netrument can sense to | 5 tines the intercod apacing for the honrontel 
coplene: mode however cod miaslignment errors are more senous [hen 9 the 
vertiog! mode so greeter care must be exercised fo aciweve [he manimum @ 
meter Gepth 


Sempte operstion survey speed ar. strength! forward Gate mterpretahon makes 
the EM. 34-3 6 versatile and cost effective too! for [he enginaenng geoph ysrcrt 


: 


Mean ed varity _AppOrEM conductivity of the ground in mnnon ger meter 
Premary fend Set COMteed Gepete (Ener iter 

core —— 
teal Set cortarnes Cpone “eceve — 


———s¥ BD 

0 oe @ 64 we 
¢ Cpaume > oe ee (8 we 
i _— © re © 04 we ———— 
coe Super Terrie § Gaposette 0 cole 

= me S epee — 

Corsctortty ino mem ate 
Senger ———— 
Mearuvremen 17 of (0 scele defector 
I _—_— — 
Mee ene * « eee oe mete 
Soowreey —— 
one | eve 02 mimhos ge mene ; — 


GISCO 


Comparison of EM-31 and Magnetometer 


| oeeee Bw a) wrawnre” atrrent vw te spare 
95 = ie ; a1 40 ER 0 etn 
© tatrveret 


woom 2 3' Bhi ' Meant 


Corresponding EM-31 Protite 
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af -$ ap eee ee eee me oe se pee peepee = ey qe = ey 
610 -560 <490 -490 <-370 <910 ~-250 -190 -190 -70 ~=<10 
STATION NUMBER 


’ 


4 


7eea@0 -'aue 
_- 
- — 


cCiwwis 


'£ && 


— 


-S000 - 4000 
,;é6 8s &S uae 
— 


~~ ef C868 Total Mer were Ft, 8 say fee Serre 


;~*euo 
om i | 


10 «560 «499 <-490 «370 «110 <250 <-190 <-130 +70 -10 
STATION At MBER 


ELECTROMAGNETIC CONDUCTIVITY SOUNDING=DATA SHEET 


Feature 
Lint WO 


PROVECT 


tour. 


Location 


VERTICAL DIPOLE 


OPERATOR 


srare 
SURVEY DIRECTION. 


bate 


HORIZONTAL DIPOLE 


' 7 T 
D.¢ i" Tx — ” 
' 
LOCATION LOCATION 
APPARENT | 
OIPOLE 2 SENSITIVITY Tee 
(meters) | “ERE OR | qwerers) | MILLIMMOS/ | READING | (WiLL inaHosy 
METER) | 
| 
; 
| 
} 
| 
' 
L : 
COMMENTS 
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Ground Penetratina 


Subsurface Interface Radar System 
SIR®-8 


SIRPSYSTEM-6 is the most popular Subsurface interface Radar Equipment in 
use around the world today SIF-6 is being used to solve problems on land. ice. 
fresh water, in tunnets, mines, hazardous waste sites. nuclear power plants. 
bridges, highways. runways. railroads, darns. and boreholes The SIR-6 auto- 
matically acquires graphic profile records from subsurtace features for a variety 
of geotechnical, engineering. surveillance, environmental. or archeological 
applications 


SIRPSYSTEM-6 is field proven, easy to use. portable, rugged and it provides 
Gata nondestructively not available from any other method Continuous high 
resolution profiles are automatically printed in real time or after the survey at a 
more comfortable location from tape recorded data 


SIR®SYSTEM-6 Control Unit, Mode! 4800. contains @ microprocessor pre- 
programmed with 6 different signal enhancement. with 56 variations 
The Stacking programs aliow weak signals to be “pulled” out of noise and the 
Background Removal programs eliminate reverberation type noise The use of 
the SIR-6 processor in areas with high conductivity materials or for deep 
penetration significantly aids acquistion of desired date 


SIR®SYSTEM-6 output is continuous profile record showing reflections 
received as the systems transducer is pulled along the line being surveyed Data 
can also be stored on the SIR-8 digital cartridge tape recorder allowing it to be 
played back through the systems computer many times 


SIR*®SYSTEM-6-operates on 12 volt battery Power An optional Power Supply 
is available if an AC source is desired SIR SYSTEM-6 is compatible with a great 
variety of transducers available to fit your purpose 


SIR® SYSTEM-8 
A complete SIF SYSTEM-6 consists of 


(1) Mode! 4800 Radar Contro! Unit 

(1) Mode! SR-8004H Graphic Recorder 
(1) Mode! 07-6000 Digital Tape Recorder 
(1) Mode! 30 Program Contro! Unit 

(1) Mode! 20P Remote Controi/Maker 
(1) Mode! 07/3 Power Distribution Unit 
(1) Mode! 3105AP Transducer (300 MHz) 
(1) Mode! 1OMS Marker Switch 

(1) Model P731 Calibrator (10 ns) 
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(1) Transducer Control Cable (30M) 
(1) C/U Graphic Cable 


(1) C/U Power Cable 


(1) Manual set & a Factory training Course 


SIR SYSTEMS can be used on land. ice, fresh water or in tunnels, nuclear power 
plents and boreholes to acquire graphic “pictures” of subsurface features such 
a8 $0i! strata, bedrock, boulders, voids, tunnels. shafts, ice profiles, pipes. 
cables, gas and water leaks. river and lake bottoms. reinforcing bars, fault 
mapping, borehole profiling, permatrost profiling. sinkhole prediction, map- 
ping, treasure prospecting. etc etc . etc 


Specifications 
SIR® SYSTEM-8 major components are shown on the block diagram The 
Mode! 4800 Control Unit is the heart of the SIR SYSTEM-8 and has controls, an 


SIR System operation starts when one of its SOKHz trigger pulses fires the 
transmitting electronics connected to an antenna The antenna radiates a short 
duration pulse (1-6 nanoseconds) of electromagnetic energy into the dielectric 
material it is Coupled to The pulse travels through the material at a speed 
proportional to the electrical characteristics of the material if the material 
changes. the pulse speed will change and sore of its energy will be reflected 
back to the SIR systems receiving antenna Travel times of the reflections are 
proportional to depth The receiving electronics converts the high frequency 
reflections to a low frequency replica of the reflections which is fed back to the 
control unit where it is conditioned and then fed to the SIR-8 recorders 


A profile record of reflections is printed on electrosensitive paper by stylus 
scanning intensity modulated lines across the paper Scan lines are analogous 
to depth into the ground. line intensity to reflection amplitude, and paper feed 
direction to horizontal distance along the survey line Before the reflection 
signals are fed to the graphic and/or tape recorders they can be processed to 
enhance the readability of the profiles 1) High and Low Pass Filters can be used 
to condition the signal, 2) A time gain amplifier (range gain) is used to compen- 
sate for attenuation of signals from deeper intertaces. 3) A marker generator 
can be used to add scale lines, a start of scan mark and position markers and, 4) 
The processor can be used High and low pass filtering. running and ensemble 
averaging. background removal. and stacking programs are included 
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Typical Ground Penetrating Radar Targets 
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GPR Profile Pioneer Graves (1850) Northeast New Mexico 
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GPR Profile Floated Across River 
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Horizontal Scale- 50 Ft. 


DLELECTRIC PULSE VELOCITY 


MATERIAL CONDUCTIVITY (mho/m) RESISTIVITY (ohm/m) CONSTANT _ (Vm) in ne/ft 
Air 0 0 | | 
Fresh Water 1074 to 3x1074 104 to 33.3 81 9 
Sea Water 4 0.25 81 9 
Sand (dry) wn’ to sors 10’ to 103 4-6 2=2.4 
Sand (saturated) wn~4 bo 1074 10 to 100 40 5.5 
Silt (saturated) lon? to Lum lv? to 100 LU 3.1 
Clay (saturated) 10m! to 1 10 to | 8-12 2.8 = 3.3 
Dry Sandy Coastal Land 2x 107? 500 10 3.1 
Marshy Forested Flat Land 8x1i07? 125 12 3.5 
Rich Agricultural Land 1074 100 15 3.9 
.» Pastoral Land Hilly, 5x1072 200 13 3.6 
> Forested 
Fresh Water Ice 10-4 to 1074 104 to 100 4 2 
Permafrost 107? to 1072 10? to 100 4-8 22.9 
Granite (dry) 1978 108 5 2.2 
Limestone (dry) 107? 109 7-9 2.6 
Dolomite 6.8-8 2.4-2.8 
Quartz 4.3 2.1 
Coal 4-5 2=2.2 
Concrete 6.4 2.5 
Asphalt 3-5 1.7-2.5 
Sea Ice 4-12 (8) 2.2-3.3 
PVC, Epoxy, 3 2 
Polyesters, 
Vinyls, 
Rubber ( 


APPROXIMATE VHF ELECTROMAGNETIC PROPERTIES OF VARIOUS MATERIALS 
Useful Ground Penetrating Radar Survey Information 
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Fort Benton. Montene GPR Survey Line Map 


Fort Benton, Montana GPR Profile 


Fort Benton, Montana GPR Profile 
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Fort Laramie, Wyoming GPR Investigation of Fort William Site 1834 
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GPR Profile Fort William Site Line 2-286 
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GPR Defined Structure Before Archaeological Excavation 
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Urban Archaeology GPR Profile Tremont Hotel 
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Tremont Hotel Site 


13th Street 


Typical Urban Archaeological Site 
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Denver digs W 


Speer project unearths historic brick Tremont hotel 


By KEVIN FLYNN 
Rocky Mountain News Stal Writer 

Amid the dirt and grime of an 
excavation site in the shadow of 
Denver's 13th Street Viaduct, a 

lass bottle emerged with an em 
sed label that startled its dis 
covers 
COCOCAINE,” it read. “Bos 
ton.” 

But rather than stumbling 
across & pioneer drug den, this 
army of arban archeologists 
clearing @ historic path for the 
new Speer Boulevard project 
downtown found something quite 


less sinister 


The bottle from the long-de 
parted Tremont House hotel 
turned out to be a tonsorial tinc 


opened to the media, although 
the general public won't be a! 
lowed in 


building was constructed on the 
site, which become a storage 
yard for a nearby foundry. Re- 


bottle,” said Barbara of Workers with picks, shovels cause of that, the buried walls 
the Colorado Historical and trowels have been sifting have been preserved remarkably 
“But thes we checked in a bottle through the dirt to rescue as intact 
book and learned it was a hair many artifacts as before “Nobody has ever done this be- 
tonic.” the asphalt is laid down next 2 Se Se 
While historians regret that year tions of one of our 
this patch of lend — now 8 “We to tare 0 let more toric buildings,” Norgren sald. ' 
for the Auraria H about the Tremont this,” | 
Edection Cater =i become Rorren sad “'war one ofthe 7, wstoricl sce fw 
part of the Speer Boul. carliest hotels.” overning the use of highwa 
everé roadbed. they ar Raving 2 The two-story Tremont went funds Historic sites involved in | 
field day artifacts up with bricks in 1860 — most of highway projects have to be 
from wy said to be Denver's eh a uaa having evatuated 
earlie ; or log structures Speer Bovlev 
“Ww nave so ides that's under in the Cherry Creek gold camp , ae million os bs 
there,” Norgren said. But what At the time, the west bank of being administered by the 
has been learned since the “dig” Cherry Creek was the town of 44, riment of Highways 
started Dec. 19 is that the lower = Auraria St. Charles, later called to tne city of Denver 
walls and stubs of the Tremont Denver City, was on the east , 
are intact under the bank The two towns consolidat It involves replacement of the 
surface of the soil. ed into Denver later that year two viaducts — 13th and 14th 
And withioa those crumbling From the be of the Tre. streets — that make up 
brick walls, « array mont overlooking 13th and Blake Bovlevard's cr of the 
of china, py and re- streets, Colorado's first two ter. tral Platte Valley Tt is —— 
mains of hotel has been en = ritorial governors, William Gil. to help open the valley's former 
tormbed since the pioneer struc- pin and John Evans, gave their railyard areas — the area where, 
ture was demolished in 1913 inaugural Denver was born — to redevel- 
On Wednesday, the site will After the demolition, no other opment ay 


Bandits raid 


—— © 


U 


ins of Tremont House 


phalt parking lot near 13th and Biake streets = have been much intact. 
By KEVIN FLYNN make valuable additions to historic collec =A _chin2 plate whose edge had been ex. 
Rocky Mountain News Stef! Writer tions in earlier excavation was missing, 
yytewp bt 1— chiseled out of the ed sidewall of 
Time bandits struck in the dark of night Of the dozens of acts searchers have = the 4-foot But Carrillo is unsure it was 
yesterday at one of Denver's oldest links hye JS -4y Bp an intact 
with its past. two were intact. rest were in - a ee to map the 
When archeological workers showed up fine English china, bottles, andother layers of in the pit, which had been 
4 to begin their final day of unearth. pieces encased in the r of one of Den- excavated ass fat surface for that purpose 
: Macts from tbe bowels of the old — ver's first and finest frontier bosteiries But in the morning, highway department 
Tremont House hotel site in an Aurariacam- It is illegal fo disturb or rob a historical workers found the damage. The sidewall had 
yp ) TN eernie src hert atl we 86S | + “ERse*| Gr Pepe gs out, several cubic fert of dirt re 
® ooct Pisit ne Citerd Corti of he Santa, 0 Matartest ‘ d three sides, and piled in the 
Chances are @ood, they say, that the inid- archeologist hired by the state j ie = : 
14) Crrilld had planed to end the dig yester 


night marauders werent simply casual 


he 
moles who stumbled onto the site The glass doesn't know what the © << day emyway, but wot under those circum 


Coil Metal Detector 


‘@ 


Model M-95 Valve and Box Locator 


@ Finds buried metal objects even in wet or mineralized ground 
®@ Enables you to detect or to ignore small items 
@ Features solid-state circuitry, quick tuning, audible and visible indications 


The sensitive M-95 eliminates guesswork in pinpointing buried or paved-over 
pedestals, survey markers, manhole covers, and conduits. In fact, it can find 
items made of any metal, including iron, brass, copper, nickel, aluminum. steel. 
tin, and lead It penetrates through soil, asphalt, or concrete 


Ground Effect 
Because the Vaive and Box Locator uses very low frequency waves (VLF). it can 
search through highly mineralized ground, black sand, wet ground, and foliage 
This ground effect reyection even eliminates the false signals that might occur at 
each end of a swing or when the searcl) head rises above the optimum distance 
from the ground 


Other Features 

The unit features solid-state circuitry, rugged Construction, and lightweight. 
compact design for optimum reliability and ease of operation The standard 
ISOCON search head is electrostatically shielded, fully waterproof, and com- 
pletely submersible The shaft length is adjustable for the height and comfort of 
the operator Battery testing is built into the unit 


Mead Operating Freq 4.5 kHz 

Serisitivity 02 mv RMS _——_ si 
Sensitivity Ad) Range 2) . 

Outputs Meter 1 mA. 0-100 linear scale Speaker 161) impedance Audio 
oe Frequency 450 Hz . 

Power Supply tv. each consisting of 6-1 Sv AA batteries (12 battenes total). or 
BY NEDA 1604 batiories (with reduced battery life) 
Dimensions Search head 6 in diameter (203 mm) Shaft length adjustable 


_from 31 to 45 in._ (7867 to 1143 mm) 
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—_ i 
» 
s a 


R-210 Pipe and Cable Locator 


The new heavy duty locator allows operators 4 more efficient means for finding 
underground pipes. cables and conduits tracing surveys. depth measure 
ments locating pipe bends and dead ends and for eliminating damage and 
hazards before ditching and excavating The locator i mounted in an ‘inter 
national orange reinforced plastic case for high visibility and added satety 
operates inductively and conductively 


A dual filtering network reyects unwanted signals and interference giving better 
range of trace by clear identification of the generated signal "he innovative 
locator Circuits prowde greater sensitivity stability and clarity of signal 


A meter with oo Npression Crrcuits has been designed for locator applications 
and proves easy identification of subtie underground shift of the trace object 
Visual readings are more accurate and stable than with conventional meters 
The R-210 signal frequency has been op mized for improved penetration of 
earth and more accurate vertical and horizontal pinpointing There \s also tess 
carry-over from one utility to another to provide better focus on the desired 
trace object 


A tone interrupter proiongs average battery life from 200 to S00 hrs depending 
on local temperature and usage A plug-in format on mother board eliminates 
wire harnesses for long term Gependability and low cos! servicing 


There 18 NO Need of external earphones A built-in loudspeaker overndes heavy 
traffic noes. allowing the operator more comfort and tatety 


The pipe and cable locator has 4 bubble level for precise Gepih measurements 
built-in battery testers. plug-in Conductive plate and clamp. earphone jack an 
avtometic shut-c f and provisions for future accessones without obsolescence 
It «& Shipped complete and ready to operate with hatteres 


Tromernitio 
Nomrnal Powe: 
inductive ee (6 ZV p-— across 000) (250% better than loop when 
Liewrocteme’) 


. verng 
Conductive Mode \ZamW avg ('30V pp across 27K ohne) _ 
Output Frequency Shi: moduisied @ HS: —_ _ 
Chopping Frequency 4 #4 ene ™ _ 


vorwne! Senartivity 1 Leap ey SS eater Cateaton) 
Lo Range Mmorovolts p-p 
Med Range 44 rrucrovolts p-p 
M Range 0044 rrucrowolts = rr — 
Sensitivity at AUX INPUT 
increase Over Loop 20% with 4810 inductive probe GISCO 
_TP with & Wetroviemp 


: 


“Al 18" Gepth (46 om) 
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seilamograph 


Model ES-1225 12 Channel 
Signal Enhancement 
Exploration Seismograph 


Features 


Signal enhancemen' surns signals from repeated hammer biows Allows 
operation in noisy Conditions and to greater Gepthe without explosives 
Preview mode allows operator to decide if signal should be summed int: 
memory Prevents transient high-level nome fror ruining good dala 
Daylight-visibie ORT monitor Seplays Gata as 6 being aoGuiTed & 
records oan be optinured before printing hard copies 

Electrosensitive plotter produces permanent annotated records on inex 
pensive high-contrast. suntight-prool paper 

improved e@hiabitity advanced microprocessor design eliminates many 
faiiure-prone components and reduces the number of interconnect ons 


“Discretionary stack testure 


Applications 


The Model ES-1225 Expioratio 


Depth-to-bedrock surveys 

Shearwave velocity measurements 

Weathering corrections surveys to correct for near surface distortior 

refiechon records 

Mazardous waste 6 @ surveys 

Rippability surveys to estimate excavation costs 

Mineral exploration inciuding coal seam placer gold 
vestigations 

Foundation site response studier 

Shaliow reflection surveys to deiai! shaliow layers 

Groundwater location and developmen! surveys 

Rock mechanics measurements including foundatior 

satety evaluations 

Landstide, fault location, and geologic hazard evaluations 


and grave bec 


studies and wre 


: 


Seismograph is intended to meet the neeus o 


a variety of users Civil engineers, engineering geologists. excavation contr ac 
tors, university professors and students. mining engineers, and exploratior 


geologists and geoph ysicists will find it! 
plicated operation and features ideal for the: specific application 
tures include 17 


» be a reliable instrument with UNcor 
These fe 


hannels, signa! enhancement, increased reliability. extrern 


portability, built-in CRT and plotter. filter, and ease of operation 
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Specifications 


Norvolatde Mero, 


When inetrument turned on ayvtomatecally restores lee! set of 
contro! settings used Molde |? sete of Contro! sett nge accessed 
wih STORE and RECALL tevye 

Memory Sire 1000 Gala points tor Gach of 127 channels 

Selectable 75. FO 100 750. SD. or TD we 

Product of sample interval and tota! number of data ports reeutt 
ng in 25. SO. 100. 2750 SOO. of 1000 miligeconds 


eerord of 


Sample interva 


ecord Duretior 


Postpones start of record Adjustable from 0 tx 
second moremen's 


Delay i. 


Protects deta collected on epecitied Channets from beng erased 
~ Stacked with acamons data 


hanne! freere 


/ Mer Migh-paese (low-cut) 2 pole fitter «& ewitch selectable on or of 
rom orl panel Attenuation « '7 Gb/octave. and ‘ter tre 
Quency position is selec table by exche wing plug in modules 
ineirument comes wih modules Tor 40 Mr Cul off 

Twelve settings per channe! adjustable from 0 to 66 6B in 6.08 
steps 

Adjustable values from 0 to 

From! oane!l ®5S-737 oor atows Gata held memory 16 be 
directly transferred to computers or offhe Storage Gevices oF for 
recorded Gata to be played-back nto the seremograph for du 
play OF additional stacking Data format follows SEG standards 
Data transter rate «&¢ internal switch selectable at 110 300 600 
1700. 2400. 4800. or G00 baud 

Horizontal bouncing ber graphs for eact Channe! Accessible by 
pressing NOISE MONITOP key 

ndicates battery voltage Continuously dieplayed flashes wher 
voltage gets low 


Tumung Crystal controtied ( 


Norse Monto 
Digital Volimete 


1% accuraty 


ormtact closure yiiact-open saturated NPN transistor 


negat we voltage pulse. OF geophone signa 


15 amperes Gattery life «4 appronimately 10 hours 


Record inmtwtror Via 
pos! ve 


Power Requirements 1? volts 


instrument Gelvered with power peck. battery charger, power cables ris 


re wooing paper hammer ewitch and manual 


Optional Accessories 
Vertical ge: phones horizontal geophones, geophone spread cable, high volt 
age biaster Please see ES-' through ES-14 on page 54 


Additiona’ iterature available on request 
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Seilsmograph 


Reflection Seismograph 
Model ES-2420 


The ES-2420 is a sophisticated high-performance reflection sersmograph us ng 
the latest to provide features that greatly contribute to the 
seiemic acquisition task In general. these features help to simplify system 
operation, increase the instrument's applications. and improve date quality 
The ES-2420 is well-suited to all types of seisrnic applications. including petro- 
eum exploration Vertical Seismic Profiling (VSP Surveys), smati-scale and 
high-resolution surveys, engineering site investigations refraction surveyr 
and those using mechanical energy sources 


The system's design incorporstes several unusual features (1) a large semi- 
conductor memory where deta is temporarily stored and monitored before 
being written to tape, (2) @ built-in summer so you can use mechanical energy 
sources, stacking repetitive signals to survey to great depths, (3) a built-in post 
acquisition processor providing exough computation power to make a consid- 
ered evalueton of data while still in the feild using digital filters. correlation. 
normal movement corrections, common offset gathers, and single velocity 
COP stack, (4) 1/4-millisecond sampling on any number of channels so the 
system is appropriate for a wide variety of tasks, (5) menu-driven operation 
prompting the operator through selection of acquisition parameters and opere- 
tion procedure, and (6) a built-in CRT displaying the data as it’s being acquired 


The system aiso includes the basic functional characteristics of a reflection 
selemograph — instantaneous floating point amnpirfers. precise amplitude reso- 
lulion, appropriate alias, Notch, and low-cut filters that are froni-pane! select- 
able over 4 wide range. and digital recording in SEG-D multiplex or demuttiptex 
format 


The system is expandable from the basic two-unit package (which includes up 
to 28 channels. CRT display, tape controlier. and tape recorder) to as many as 
1000 channets 


Acquisition Control Unit (ACU) —— - 
Sempre interve! Front-panei-selectabie trom % % 1. 2. or 4 milliseconds — 
Low-Cut Fitter Sett selectable from 5 10 320 Hz mn 8-447 increments Attenua 
tion 18 db/octave —_ 
Alias Filter Six frequencies front-panel-selectable linear 6-db fre 
quencies 45, 90. 180. 360. 720. and 1440 Hz Attentuation 60 db 
at 126. 256 512 1024 2048. and 40068 Hr 
Notch Filter eer 50- or 60-Hz notch titer down 60 db at notch tre 
lee , —— 
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Date and Tine battery UP provides calendar date and 
= ___e-hour time of Gay. recorded on 
Acquisition Mode Data can be either stacked to system memory or written directly 
Word Sire wo digtized to « reecasion of 18 bite with « 4-bi exponent 
Tape Format Oat is recorded in either SEG-B , SEG-D multi. 
plexed. or SEG-D format. 
Marimum Stacks Any number of successive signals may be stacked into the 
memory eee 
Delay Start The start of be delayed up to 0.088 seconds and 
varied (1 proces one-malascond Tnorements 
Memory Protect Any channels be protected so that will not erase stack 
aoe OF eccept deta from the geophones 0: tape recorder 
Test Functions Built-in self-test functions include 
injection staggered tone burst, se ep ni ¢ wave 
fixed- memory test tape verily aqeinst 
_ memory, and set to fixed gain ennai 
Computation Optional BCQUIBITION processing Bllows sore eo wiyse of 
Functions ate Functions include bendpass dig «! fitters with 
selectable corner frequencies. arbitrary 
reference channe! auto-correistion. mixing common offset 
- gathers. common depth-point stack. and more 
—, In stack fo memory mode Gepends on sample rate and memory 
% me © 4.098 seconds 
% me * 6 182 seconds 
‘me © 16 384 seconds 
2 me © 32 768 seconds 
4 ma > 65.536 seconds 
__IN direct-to-tape mode. the system can record indefinitely 
sition Dynamic »100 db 
Specifications Crossteed © & 
Distortion 005% 
_ Nowe 0.25 microvolts rms 
Piotte, Ongital plotter plots date on 85-inch wide Plots in variable 
area oF wiggle trace a8 determined by display pe 


plot with header information. time tines, and 

eters A deen cee tee rd mem 

of scale factors and time period to oo Syn a 
ACU Time required to plot depends on scale factor and selec 

tion of time interval plotted 


Digital Tape Recorder Portable tape recorder available with system 7 %-inch ree! with 
1200 ft of tape Recording and playback speed 37% ips in 
direct -to-tape mode the recorder can an acquisition rete 
of 2 ms tor 28 channels or 1 ms for 14 nnels in Continuous 


P fecording — 


Detailed technical specifications available on request 
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Acoust L& Emission Monitol 


Acoustic Emission Monitor 
ACOuUsBIIC EMissiIONs 4fe WNPulsive SuUBbaUdIDIe sound waves Caused By Ihe 


release of stored elaalic atra energy if stressed materials hese sOunds Nay 
be generated by instabilities in earthen dams and siopes behind retaining 
was heneat! footings and i underground openings. mines. and Quarries 
Although normally emall in amplitude they can be monitored by sensitive 
Getectors which convert (he waves into electrical sgnals When sullably ampli 
hed, titered. and quantified. they are veed 16 Give an indimalor 7 eirees 


ONGITONE and Stability in the material being monitored 


The Ag Oushc Prveaaon Monier & a , orlabdbie eaty-:! sae modular feild 
; strument designed i sinplify the recording of a atic ermiesone If Halura 
environments Small size and low power cons mpty "A mare ha url part 


larly well suited for remote or unatiended mataiiatone 


The basic single Channel unil consiate of 4 sensitive receiver clement with ar 
netrument Case Containing signal processir g electronics and 4 Gual-trace sir 
chart recorder While observing the display. he operator selects the prope: 
gain, Dandgwidth, and trigger level by selling calibrated gwitches Me may 


simultaneously ieten on headphones and observe the sgnals On & DOrabi 


Oscilloscope (Nol supplied) via Outputs On the front pane! Total counts and the 
average count rate are computed and recorded They are ala viput to BNI 
connectors Both quantities are displayed by 4 two-digit LED readout Witt 
shant moditication, acoustic event | ming «6 al6o POseHbie A permanen' 
record of raw data can be made by recordir 6 the audi f tee! Outputs On ar 


external tape recorder 


Detection of Acoustic Emissions 
Acoustic emissions are Getected by a4 transducer placed On & wave Quide OF 
owered 10 the Gesired level in 4 borehole The aoouetc emimanone are ther 
onverted by the transducer into an electrical oulise which i6 an plified and 
fitered All frequencies outside of the 500 Hz to 5.000 Hz range are generally 
meicered 10 be extraneous Nomes Caused Dy wind peration of nearby 
equipment airplanes etc Emaesions are Counted electronically and the counts 
are recoroed On & Sirip-type recorder The slope of the line appearing on the 
hart represents the number of counts per unit time Regarding the significance 
Y acoustic emimeinon ratea Koerner Lord and MeCahbe (1978 report the 


follows * 


- 10 countse/rmnute ondition stable 

1. 10 ounte/mnute moderately stable 
100-500 counts/minute metable conditions 
SOD state of failure 


As more field data become available more detailed quantitative assessments of 


a etic erniesions Can be made 


Acoustic emissions are generally procuced a! a iow amplitude For that partx 

af amplitude and time, the frequencies are variable Most workers focus the 
attention on the 500 Hz to 5.000 Hz band, bul it should be recognized that 

frequencies within a band of less than 500 Mz or as hnoh as several rn egahert7 
an be produced The area to be tested should ur dergo a preliminary geolog 


assessment A determination of bac kground nose for the entire aite ah fhe 


made pror to monitoring acoustic emmesions 


Specifications 


pecihcations apply to the single channe! bas nit with a pressure transducer one battery 


anc 4&4 Oust hanne! rex ce 


Acoustic Emission Monitor ° | ee 
Model AEM-86 a S00 rat 28 auc 


Fifer ¢- Pole Sate vaniabie active near Chase Besse! selectable in a 
sequence 


Features 


® Rugged lightweight feld unit High pass — 20 Mz to 20 kM 
® Easy-to-use controls are set without oscillosc ope w Dae SOO Hz to SD kM 
® Battery operated Nove 0 nw/(Hz) + amplifier aideband input Se Gensity SS nw/ (Pz 
* Audible output for headphones or user supplied tape recorder (not included equivalent sensor wideband Nge Gensgity 
* Digital display and permanent dual-trace strip chart record of both Tota splay 2 dg" LED. switch -selectable to show either TOTAI Pr " 
Counts (TOTAL) and Counts Per Minute (CPM POSION fEGuCes OWE! CONSUMPpHIOF 
© Anaicg outputs of all signals for exvernal recorders - 100, 1.000 and 10.000 TOTAL of CPM full scale 
® Cali , amplifier gains and filter settings lune Base nierna rv Orit rate tees thar 10 sec/day 
© Battery condition indicator Monitor provides automatic shutdown t protect Outputs 
battery from over-discharge Amplitre ) rom linear titer ampiite 
© Transducers may be either oressure or acceleration sensitive Remote susan “ iput for headphones tape 
preamplifier option 16 avaiable for nowy environments or for use over lor Q lote Oe proportional to tote nee 
wires PM 10v from inear titer ampiifer 
Re te Dual-trace strip chart for TOTAL and CPM data with 15-day pape 
supply and take-up ree 
Powe i2Z-volt rechargeable internal batiery f external (car) battery 
perating Tine 48 hrs with internal battery pto 192 hrs with optional interne 


battery packs Car battery lasts 30 days. (with LED display off 


sensors Mydrophones or accelerometer 
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Seismic Refraction Records 


‘sa — 


oe OnE TRI CG SS = KS eg? Sis! 
VERSTON 3.44. 8 ON TS 

No eee On 
vot ys >“ a enlbee-- PD Sa i3~* 


~--* ” J ed 5 46 14 . 
record tint” ae - 
250 MSEC . a 
s4e16 Be 
' 
DELAY TINE sot? 
ensee 7 96}? 
. @ 36 16 
STACK COUNT 9 se 16 | 
i ie 38 13 + | 
FILTER ouT ie @ ie | 
' LJ 
Ww 
g 
t 
ERS? prone reice . 
VERSION 3.4 bd 
FILE NO OCG 3 


RECORD Time ~ 
25@ MSEC 


JELAY TIME 
@ MSEC 


STACK COUNT - 
' 


a 


. 


FILTER OUT 


——— a 


160 


T9t 


Seismic Refraction Data 


Fi 


- VATION 


30 
w 
tay 
v) 


= —, T — T ee  — —— 
; a . ———_ ~~. 
~ e a + ~ 
>  —_— : as e m2) ~ 
} > > . “> — ; o > 
—o_ o= al > 
—— , ~< 
| ——.... ~~~ P 
e < _—< ~~ — so" 
, * wan “ 2 e — 
’ ’ ; 
“ — d ». > 
Spreed 2 
j 1 T —_—_ 7 | Aa T T 
| 
: Cross Line 199 
* 
Cross Line 110 -_ —_ 
* _ 
al _ —— 
ee en tec® 
: — P gearock Inte” 
on _ 1900 *t/sec P 
— _ 
_— ss 
- wa 15000 f t/se 
——_——— —_— 
ee . . . e 7 i 7 7 7 T . — a om T 7 a ae | T y V —— T 7 en ae a 
4) 58 102 15@ 200 250 302 58 400 


T 
"T 7 40 a 
e 

——— 
~ nal e 10% 
> — : 
ta 
—™ oe 20 5 
> oo = 

oo - 
n e ~~¢ e . 


lk 
7 on ‘ 
=| 

TIMe 


) ' F 120 

' 
1400 ft/se: 
15000 it/se 


T oe - | 


IIe 600 


LvO 


SS 
450 500 


5 


(feet 


a 


ELEVATION 


Recording Selemograph 


etection Geophones 
--bo0-0-0-0-0.0.0- 
' 


Land Surtace 
Source 
@— Setemic Line —-—-_ 

i ‘ ' ’ ‘ ' 

pevre hy \iy 

+ et wen, es Acoustic Wa 

, : ‘ : 4 ‘ ‘i ves 

‘ i ' ‘ 3 i \ 

@egeeaeann & 

seh tig gy | ‘ 

*seeteteet \ 

' .JHW Barrets 

Sott Layer 


Landtitt 


cot 


Rettected Wavee~-* 


Rock Loyor 


ys 
Leachate 


rf 


Cross soction 


Gl 
-~ - a» 22ee ee 
<I Gradtent 
Pollution Plume 


Schematic Fietd Layout 


of Seismographic Survey 
Ovor ao Harardous Waste / Landfill Site 


DHH/B7 


egot 


GEOPHONE 
#24 


SeRCRG 


HT 


v v 
©e@eeoeoeoeoeooeoeoeooeoeeeeeeeeeeeeeeeeeeeeeeeeeoeeeeeeeee@ 


24 CHANNEL GEOPHONE SPREAD 


Seismic Line GR-3; 1200 Ft. North of Leyden Road 


Seismic Line GR-4 Well 2! to Ley 


n Road 


SEISMIC LINE GR-3) 220’ OFFESET 


—<—J 


SEISMIC LINE GR-4: 220' OFFSET 


vot 
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Side-Scan Sonar 500SS 


‘he WESMAR SEIRS Sete Scar Gone syste car iocete end entity under 
rte Oba 1? Spore and map seabed terre pier informed Gwing and peer! 
* permanen! record of underwate topagrapty of & cher pape Siteer 
wheter of grey nckcmtoe target Genet) elf Gert grey epresenting dense 
twa te 
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vere pene 


The heer fan Ghee? teers ere reflected fy tapagraptwce teetures ard eub 
merged otyects of or nee the are bottom The reflected acoustn energy « 
Getected by the tow fer and Cher on fhe stupboerd chert recorder for ar 
cae) METpretEd Continucud® 8nd permanent! picture of the ame toftcry 


The WE SMAA Suge Somr eyetern teetures « aghtwegh! (under 'S ibe | portatie 
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EG&G Magscan 


Combined Magnetometer and Side Scan Sonar 
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Side Scan Sonar Examples 


Side ecan is often used to locate and examine shipwrecks. This 
Klein 500 kHz record shows the Vineyard Sound Lightship, sunk in 
1944 in 25 weters of water off the coast of Massachusetts. 


Kiein 100 ke record of echooner Hamilton, sunk in Lake Erie 
during War of 1812. 


: 
a 


Side ecan sonar is often used to locate the sites of airplanes 
that have crashed in the water. This record shows « Klein 100 


kHz record of « Wellington bomber in Loch Ness 


ae 
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